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PREFACE. 


During  the  two  sessions  which  have  elapsed  since 
the  publication  of  this  Manual,  the  sciences  of 
Physiology  and  Pathology  have  made  considerable 
progress,  and  the  principal  results  will  be  found 
embodied  in  this  edition ;  also  advantage  has  been 
taken  of  suggestions  by  judicious  critics,  and  by 
many  teachers  who  have  recommended  it  as  a  text- 
book to  their  classes.    While  my  further  experience 
has,  I  trust,  enabled  me  to  arrange  the  matter  in  a 
more  intelligible  and  practical  way,  my  object  still 
has  been  "to  express  the  leading  facts  of  the  science 
in  as  few  words  as  possible,  leaving  them  to  be 
amplified,  or  freed  from  any  obscurity,  by  the  reflec- 
tion of  the  reader  or  the  expository  powers  of  the 
lecturer." 

The  unusual  course  of  appending  questions  upon 
the  more  essential  points  of  each  section,  has  been 
adopted  with  the  hope  that  it  may  aid  in  diffusing  a 


PREFACE. 

knowledge  of  that  science,  which  of  all  others  is 
best  calculated  to  exalt  the  healing  art. 

In  the  second  part  of  this  manual,  the  alterations 
in  physiological  processes,  which  are  wrought  by 
disease  and  the  influence  of  remedies  upon  them, 
are  explained,  though  very  briefly ;  and  in  another 
work  I  have  striven  to  apply  the  principles  of  Phy- 
siology to  the  subject  of  the  maintenance  of  the 
health  and  life  of  communities. 
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A  MANUAL  OF  PHYSIOLOGY, 

AND  OF 

THE  PKINCIPLES  OF  DISEASE. 


INTRODUCTION. 

Physiology  studies  the  phenomena  of  organised  beings, 
and  is  therefore  a  great  department  of  natural  science. 
It  is  divided  into  vegetal  and  animal ;  and  the  latter  is 
subdivided  into  comparative  and  human,  which  last 
branch  of  the  science  is  the  subject  of  the  present 
volume,  the  structure  or  functions  of  the  lower  animals 
being  referred  to  but  incidentally. 

There  is  no  branch  of  knowledge  whose  limits  are 
more  hard  to  define,  nor  is  there  any  which  requires  a 
more  extensive  acquaintance  with  preliminary  and  colla- 
teral sciences,  such  as  Anatomy,  Physics,  and  Chemistry ; 
while,  on  the  other  hand,  so  imperceptible  is  the  dis- 
tinction between  most  of  the  normal  and  abnormal  pro- 
cesses, that  the  physiologist  is  often  compelled  to  enter 
the  special  domain  of  Pathology.  This  circumstance  is 
the  less  to  be  regretted,  as  no  study  can  be  more  fitted 
to  introduce  the  student  of  Medicine  to  a  scientific  com- 
prehension of  the  principles  of  disease,  or  to  free  its 
treatment  from  empiricism. 
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VITAL  PHENOMENA. 


All  important  advances  in  Pathology  have  had  their 
rise  in  accurate  observation  of,  and  rational  deductions 
from,  physiological  phenomena;  and  disease  can  be 
shown  to  be,  in  every  instance,  but  an  increase,  decrease, 
or  perversion  of  normal  function. 

Foremost  among  the  sciences  which  aid  the  study  of 
Physiology  is  that  of  General  Anatomy,  which  for  this 
reason  is  aptly  termed  Physiological  Anatomy,  and  is, 
for  convenience  sake,  usually  removed  from  the  study  of 
Descriptive  or  Surgical  Anatomy ;  in  this  work  it  is 
treated  of  before  the  function  of  each  organ  is  discussed, 
a  short  account  of  its  Descriptive  Anatomy  being  how- 
ever prefixed,  when  necessary  for  the  comprehension  of 
its  actions.  To  the  improvements  of  the  microscope, 
and  the  ardour  with  which  it  is  employed,  may  be 
attributed  the  rapid  advance  which  this  branch  of  Phy- 
siology, often  termed  Histology,  has  made  of  late  years. 

The  Vital  Phenomena  which  the  human  body  mani- 
fests admit  of  ready  classification  into  those  which  it 
exercises  in  common  with  all  other  organic  beings,  and 
those  which  are  peculiar  to  animals.  Such  was  the  view 
of  Bichat  when  he  spoke  of  the  functions  of  "organic," 
or  vegetative,  and  of  "  animal"  life.  Under  the  former 
head  may  be  ranged  the  processes  of  digestion,  absorp- 
tion, circulation,  respiration,  and  secretion,  which  may 
be  grouped  together  as  being  subservient  to  the  great 
function  of  nutrition;  under  the  latter  may  be  con- 
sidered the  higher  endowments  of  sensation  and  volun- 
tary motion. 

Both  organic  and  animal  functions  above  enumerated 
relate  to  the  individual  alone ;  but  that  of  reproduction. 
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common  both  to  the  vegetal  and  animal  world,  has,  as 
its  aim,  the  maintenance  of  the  species. 

These  views  have  been  borne  in  mind  in  arranging  the 
following  pages. 

We  shall  here  consider  the  structural  elements  of 
which  the  human  body  is  built  up,  reserving  a  more 
special  account  of  the  histology  of  each  organ  or  tissue 
until  we  are  describing  the  functions  to  which  they 
minister. 

In  1838,  Schwann  and  Schleiden  demonstrated  that 
the  nucleated  cell  in  both  animals  and  plants  was  the 
essential  structural  element  in  all  the  tissues,  and  the 
active  agent  in  all  the  organic  processes. 

A  Cell  consists  of  a  homogeneous  cell-wall  and  con- 
tents, which  usually  include  a  nucleus  or  nuclei,  and 
within  these  often  nucleoli.  As  the  nucleus  is  regarded 
as  the  formative  part,  the  term  cytoblast  is  often  applied 
to  it,  the  matter  in  which  cells  are  formed,  cytoblastema, 
and  the  process,  cytogenesis.  The  typical  shape  is  the 
sphere,  but  by  mutual  pressure  they  usually  assume  a 
polyhedral  form.  A  few  of  the  more  remarkable  shapes 
which  will  be  illustrated  in  the  ensuing  pages  may  be 
here  mentioned :  spheroid  cells  compose  glandular  epi- 
thelium ;  regular  hexagons  the  membrana  pigmenti ;  the 
blood  cells  are  biconcave  discs ;  nerve  cells  are  caudate ; 
muscle  cells  are  fusiform,  and  the  cells  of  epidermis  and 
tesselated  epithelium  gradually  flatten  into  scales  as  they 
approach  the  surface. 

The  Phenomena  of  Cell-life  are  various.  1.  Growth, 
by  the  appropriation  of  the  special  material  of  each  kind 
of  cell.    2.  Multiplication,  either  by  fission,  aa  can  be 
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noticed  in  the  blood  cells  of  the  chick,  or  endogenous 
transformation  of  its  nuclei,  as  occurs  in  cartilage.  3. 
Change  of  form,  special  to  each  tissue.  4.  Chemical 
changes  of  the  contents;  and  5.  The  generation  of 
nerve  force,  which  is  the  most  wonderful  of  all  its  powers. 

These  remarkable  objects  can  be  artificially  generated, 
for  it  will  be  found  that  perfect  cell-walls  are  produced 
when  an  intimate  admixture  of  oily  and  albuminous 
matters  is  made. 

,  The  Oell  theory  supposes  that  all  organic  bodies,  no 
matter  how  complex  their  construction,  as  likewise  all 
their  tissues,  modified  though  they  may  be,  have  origi- 
nated from  a  cell  or  cells.  Of  the  tissues  which  are  thus 
temporarily  cellular  may  be  mentioned,  fibrous  tissue, 
muscle  fibrils,  nerve  tubes,  blood-vessels  ;  and  of  those 
that  remain  permanently  so,  the  following  are  examples — 
lymph  and  blood  cells,  nerve  cells,  fat  cells,  pigment 
cells,  gland  cells,  cartilage  cells ;  and,  amidst  the  pro- 
ducts of  disease,  pus  cells,  cancer  cells,  and  many  others. 
Thus,  both  in  Physiology  and  Pathology  does  the 
aphorism  seem  applicable,  "Omnis  cellula  e  cellula." 

There  are  some,  however,  who  advocate  the  "mole- 
cular theory,"  which  supposes  that  cell  formation  is 
preceded  by  molecules,  or  minute  granules,  which  there- 
fore should  be  considered  the  histological  starting  point. 
Thus  Prof.  Bennett  believes  that  the  molecules  of  chyle 
and  the  intimate  constituents  of  muscle  must  be  regarded 
as  antecedent  to  the  existence  of  any  cell. 

There  are,  again,  some  matters  in  the  human  body 
which,  from  the  non-discovery  of  any  structure,  are 
called  amorphous  or  hyaline ;  for  example,  the  cell- wall. 
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basement  membrane,  myolemma,  neurilemma,  the  inter- 
cellular substance  of  cartilage,  the  elastic  laminae  of  the 
cornea,  capsule  of  the  crystalline  lens,  &c. 

The  illustrious  Baron  Haller  regarded  fibrous  tissue 
as  the  simplest  constituent  of  the  human  body,  remark- 
ing that  the  fibre  was  to  the  physiologist  what  the  line 
was  to  the  geometrician  ;  and  many  later  histologists 
have  adopted  his  view. 

The  general  properties  of  the  tissues  may  be  here 
briefiy  discussed;  and  they  readily  arrange  themselves 
as,  1.  Physical;  and  2.  Vital. 

1 .  Divisibility  has  always  excited  the  wonder  of  those 
philosophers  who  study  the  phenomena  of  inorganic 
bodies,  and  the  minuteness  of  many  living  organisms  is 
no  less  astonishing.  Thus,  there  are  about  eleven 
millions  of  exquisitely  regular  cells  in  the  choroid  pig- 
mentary membrane,  sixty-five  and  a-half  millions  of  fat 
cells  in  the  space  of  a  cubic  inch  of  adipose  tissue,  and 
one  hundred  and  fifty  millions  of  moving  cilia  through- 
out the  air  tubes  of  man.  Activity  is  always  propor- 
tional to  minuteness  of  division. 

Extensibility  is  a  universal  property  of  animal  tissues ; 
but  its  amount  varies  most  widely,  being,  like  the  cog- 
nate property  of  pliancy,  dependent  on  the  amount  of 
water  each  contains.  The  order  of  those  of  the  dead 
body  is  as  follows — muscle,  vessels,  nerve,  hair,  tendon, 
and  bone. 

Elasticity,  by  which  the  tissues  re-act  when  a  com- 
pressing or  extending  force  is  removed,  is  another  strik- 
ing physical  endowment,  especially  conferred  on  the 
yellow  fibrous  tissue.    Between  the  atoms  which  con- 
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stitute  living  as  well  as  inanimate  bodies  spaces  must  be 
conceived  to  exist,  more  or  less  considerable  as  the  state 
of  aggregation  be  the  gaseous,  liquid,  or  solid  fonns.  To 
this  porosity  is  due  the  osmose  and  dialysis,  or  inter- 
change of  liquids  and  gases  which,  as  the  following 
pages  will  show,  constitutes  the  very  fundamental  nature 
of  most  physiological  processes.  In  the  human  body 
there  are  likewise  constantly  taking  place  chemical 
changes,  which  will  be  presently  referred  to,  and  which 
are  essential  to  the  continuance  of  life.  They  are  more- 
over so  diverse,  that  the  truths  about  them  have  been 
justly  remarked  to  be  more  wonderful  than  the  fabled 
transmigration  of  souls. 

2.  The  Vital  Properties  of  animal  tissues  are  evi- 
denced by  molecular  changes  which  follow  the  applica- 
tion of  a  stimulus.  Such  are  contractility,  the  endow- 
ment of  muscle,  and  neurility,  which  term  conveniently 
groups  the  phenomena  of  common  sensation,  special 
sensation,  and  motive  influence,  with  which  both  vesicu- 
lar and  tubular  neurine  are  concerned,  and  the  higher 
intellectual  endowments  of  the  nervous  centres. 

Between  the  physical  forces,  as  Grove  has  demon- 
strated, and  likewise  between  the  vital,  there  exists  mutual 
dependence  or  correlation  ;  and  it  is  the  intimate  union 
or  sum  of  their  phenomena  we  designate  as  "Life." 

Before  discussing  the  several  functions,  and  the  struc- 
tural anatomy  of  the  organs  by  which  they  are  per- 
formed, I  have  deemed  it  advisable  to  notice  briefly  the 
characters  which  place  man  at  the  head  of  the  organic 
world,  and  to  consider  the  chemical  features  of  the  sub- 
stances which  constitute  his  body. 
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Man,  zoologically  considered,  belongs  to  the  class  Ver- 
tebrata;  order.  Mammalia ;  sub  -  order,  Hominidge ;  genus, 
Homo  ;  and  species.  Sapiens  ;  according  to  Linnceus, 
who  gave  as  his  characteristic  the  aphorism,  "Nosce  te 
ipsum."  In  the  words  of  Owen,  "man  is  the  sole  spe- 
cies of  his  genus  (Homo) — the  sole  representative  of  his 
order  (Bimana) ;"  and  it  is  equally  unscientific  and  irre- 
verent to  group  him,  as  Linnceus  and  some  other 
naturalists  have  done,  with  Quadrumana,  in  the  order 
Primates.  His  distinctive  characters  are  thus  enume- 
rated by  Blumenhacli : — "  Erect,  two-handed,  unarmed, 
rational,  endowed  with  speech,  a  prominent  chin,  four 
incisor  teeth,  above  and  below ;  ail  the  teeth  equally 
approximated,  the  canine  teeth  of  the  same  length  as  the 
others,  the  lower  incisors  erect." 

The  erect  posture,  an  attitude  peculiar  to  the  human 
species,  is  preserved  by  the  occipital  condyles  being 
placed  on  the  base  of  the  skull,  as  near  the  centre  as  can 
be  allowed  without  the  heavy,  bony  cranium  and  brain 
overbalancing  the  Hght,  spongy  bones  of  the  face.  The 
equilibrium  is,  however,  maintained  in  some  degree 
by  muscular  power ;  for  if  this  is  suspended,  as  when 
we  nod  in  sleep,  the  head  falls  forward.  The  cranium 
then  rests  easily  on  the  vertebral  column,  and  all  the 
great  occipital  and  vertebral  ridges  are  absent ;  the 
ligamentum  nuchte  is  hardly  developed.  The  face  is 
placed  rather  below  the  cranium 
than  in  fi-ont  of  it,  as  in  brutes — 
even  the  most  anthropoid.  This 
circumstance  is  best  determined  by 
what  Camper  termed  "the  facial 
angle,"  formed  by  drawing  one 
line  from  auditory  meatus  to  root 

of  nose,  and  another  touching  the  Camper's  Facial  Angle,  85' 

forehead  and  upper  jaw,  as  here  represented.  The 
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angle  so  included  increases  through  mammalian  skulls 
till  it  becomes  35°  in  the  Troglodytes  Gorilla,  the  most 
anthropoid  of  apes,  according  to  Owen,  who  has  shown 
that  the  much  greater  angle  assigned  to  this  animal  by 
other  writers  depends  on  their  having  examined  the 
skull  before  second  dentition,  after  which  period  the 
jaws  become  more  prognathous,  or  snouty,  and  the  angle 
much  less.  Even  in  the  adult  gorilla's  skull,  the  angle 
is  not  an  index  of  cerebral  proportions,  as  it  is  greatly 
exaggerated  by  a  prominent  supra- orbital  ridge.  From 
70°  in  the  Negro  it  increases  to  80°  or  85°  in  the  Euro- 
pean, and  to  90°  or  100°  in  the  statues  of  Apollo  and 
Medusa  of  Sisocles,  which  the  Grecian  artists  thus  en- 
dowed with  sublimity  and  beauty.  The  difference  be- 
tween the  quadrumana  and  man  is  vastly  greater  than 
between  any  human  varieties.  The  angle  as  found  in 
the  Ethiopian  and  Caucasian  races,  and  in  the  Chim- 
panzee, is  here  represented.  Prof.  Owen  draws  the 
lower  line  from  occipital  condyles  along  floor  of  nose, 
and  thus  includes  a  greater  angle.    The  orbits  are 


Frognathout  face  of  Negro  ;  Grecian  head,  Oh"  ;  and  Gorilla,  40°. 


directed  forwards,  and  the  eyes  are  parallel.  Man's 
spine,  admirably  curved  to  adapt  his  body  to  the  erect 
posture,  differs  from  that  of  quadrumana  in  the  cervical 
spines  being  bifid,  and  in  having  one  more  lumbar  ver- 
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tebra.  The  sacram  and  coccyx  are  inclined  forward,  as 
also  are  the  genito-urinary  passages.  The  pelvic  bones 
are  laterally  expanded,  and  the  more  so,  Vrolik  has  shown, 
as  we  ascend  the  scale  of  human  beings,  bearing  the 
weight  of  the  viscera  above  them.  The  femur  (especially 
at  its  neck)  is  longer,  as  well  as  the  whole  lower  ex- 
tremity, so  that  while  the  hands  reach  to  the  ancles  in 
the  ourang,  they  but  touch  the  middle  of  man's  thigh. 
The  femoro-tibial  surfaces  are  very  broad,  and  the  foot 
most  remarkable  for  size,  curved  form,  projection  of  cal- 
cis,  which,  with  the  big  toe,  are  supporting  surfaces  so 
perfect,  that  man  alone  can  stand  on  one  limb.  The 
kangaroo  alone  is  said  to  excel  man  in  length  of  leg  and 
size  of  foot.  The  inner  toe  or  hallux  of  apes  is  small, 
posterior  not  supporting,  but  opposable,  like  a  thumb ; 
hence  their  specific  designation  of  "  four-handed."  Other 
evidences  of  the  erect  attitude  are  seen  in  the  superior 
size  of  the  muscles  of  the  buttock,  and  of  the  calf,  and 
in  the  great  flexor  pollicis  being  inserted  into  the  big  toe 
alone,  and  not  three  middle  toes  as  in  quadrumana.  The 
tales  then  of  men  adopting  the  prone  position  in  Lord 
Monhoddo's  works,  and  the  account  of  "Peter,  the  Wild 
Boy,"  quoted  by  Blwnenhach,  may  be  now  regarded  as 
ludicrous  misconceptions. 

Another  most  admirable  human  attribute  is  the  hand, 
which  the  beautiful  discom*se  of  Sir  C.  Bell  has  shown 
does  not  really  exist  in  lower  animals,  in  whom  nothing 
comparable  to  the  "  extensor  indicis,"  to  the  thumb, 
fii-mly  opposable  by  its  great  muscular  ball  to  all  the 
fingers,  nor  to  the  exquisite  mobility  or  tactile  sense  of 
the  fingers,  can  be  pointed  out.  Of  this  wonderful  in- 
strument, which  has  been  the  means  of  spreading  intel- 
lectual culture  over  the  globe,  Qumtilian  said  : — '  Nam 
ceteraB  partes  loquentem  adjuvant,  hse  prope  est  ut  dicam, 
ipsa3  loquuntur.  His  poscimus,  poUicemur,  vocamus, 
dimittimus  minamur,  supplicamus,  timemus  ;  gaudium 
tristitiam,  dubitationem,  confessionem,  penitentiam  mo- 
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dum,  copiam,  numerum,  tempus  ostendimus."  Other 
characteiistics  are,  smoothness  of  skin,  scantiness  of 
hair,  and  preponderance  of  it  on  the  ventral  aspect,  and 
the  absence  of  weapons  of  defence.  Reason  has,  how- 
ever, enabled  him  to  construct  the  deadliest  engines,  and 
to  subjugate  other  creatures  as  ministers  of  his  wants 
and  pleasures. 

Man's  teeth  are  equal  in  length,  so  that  the  canine 
attains  no  greater  size  than  others,  and  those  of  the  upper 
and  lower  jaw  form  corresponding  lines,  without  any 
break  or  diastema,  which  occurs  in  all  animals  save  the 
fossil  genus  anoplotherium.  The  premaxillary  bone, 
which  is  large  in  most  animals,  and  contains  the  incisor 
teeth,  is  scarcely  present  save  in  the  earliest  embiyonic 
period.  It  existence  was,  however,  demonstrated  by 
the  immortal  poet  and  anatomist  Goethe.  Surgeons 
have  to  deal  with  it  in  the  malformation  termed  ' '  double 
hare  lip." 

Prof.  Oiven  justly  considers  the  gorilla  to  be  the  most 
anthropoid  of  all  quadrumana ;  yet,  in  the  skull  alone 
he  enumerates  thirty  differences  from  that  of  man.  There 
is,  for  instance,  the  great  size  of  the  canines,  which  are, 
moreover,  intended  for  combat,  not  for  prehension  of 
food,  as  the  animal  is  frugivorous.  Again,  these  canines 
are  larger  in  the  male,  being  divided  by  a  diastema  fi-om 
the  incisors  in  the  upper  jaw,  and  from  the  premolars  in 
the  lower.  Then  the  two  rows  of  molai's  are  parallel, 
the  premaxillary  bone,  lower  jaw,  and  zygoma  large  and 
well  developed,  and  the  face  prognathous.  The  cubical 
capacity  of  the  smallest  human  skull  equals  63  cubic 
inches,  whereas  the  largest  gorilla  cranium  measures  but 
34'5.  The  distinctive  chai'acters  of  man's  brain,  and  that 
of  anthropoid  apes,  have  given  rise  to  one  of  the  most 
famous  of  scientific  controversies ;  Prof.  Oicen  asserting 
that  in  man  alone  does  the  posterior  lobe  overlap  the  cere- 
bellum, and  in  him  alone  is  found  the  posterior  comu  of 
the  lateral  ventricle  and  its  hippocampus  minor — state- 
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ments  energetically  denied  by  Prof.  Hiuvley  and  other 
anatomists.    The  greater  weight  of  the  trunk,  the  length 


Comparatioe  view  of  Skeletons  of  Gvrilla  and  Man,  after  H uxley. 


of  the  arm,  the  slight  curves  of  the  vertebral  column,  the 
inconsiderable  lateral  expansion  of  the  pelvic  bones,  the 
latissimus  dorsi  being  inserted  into  the  olecranon,  and 
being  thirteen  pairs  of  ribs,  may  be  noted  as  also  re- 
markable. 

Having  now  mentioned  the  most  striking  diflferences 
in  the  anatomical  conformation  of  man  and  those  crea- 
tures below  him,  it  may  be  allowed  that  there  are  few 
peculiarities  in  his  physiological  functions,  except  his 
wonderful  adaptibility  to  the  most  diverse  conditions  of 
climate,  food,  and  other  physical  circumstances,  which 
that  order  of  beings  approaching  him  nearest  is,  strange 
to  say,  least  of  all  able  to  endure.  Man's  growth  is 
.<jlower,  maturity  not  being  attained  till  beyond  the  age 
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of  twenty  ;  but  his  longevity  is  greater,  as  shown  by  the 
following 


LIFE  TABLE  FOR  ENGLAND. 


Expectation  of  Life. 
* 

Age. 

T  •  * 

Living. 

r  ClUolcS* 

IVIiiles. 

I 

V  cJDaJce. 

— 

100,000 

51,274 

48,726 

40-19 

42-18 

1 

85,369 

43,104 

42,265 

46-71 

47-55 

2 

80,102 

40,388 

39,714 

48-82 

49-57 

3 

77,392 

39,018 

38,374 

49-52 

50-29 

4 

75,539 
74,201 

38,064 

37,475 

49-74 

50-48 

5 

37,385 

36,816 

49-64 

50-38 

10 

70,612 

35,564 

35,048 

47-08 

47-81 

15 

68,627 

34,573 

34,054 

43-35 

44-13 

20 

66,059 

33,324 

32,735 

39-88 

40-81 

25 

63,295 

31,958 

31,337 

36  47 

37-52 

30 

60,332 

30,473 

29,859 

33-13 

34  25 

35 

57,172 

28,867 

28,305 

29-83 

30  99 

40 

53,825 

27,145 

26,680 

26-56 

27-72 

45 

50,301 

25,311 

24,990 

23-30 

24-43 

50 

46,621 

23,376 

23,245 

20-02 

21-07 

55 

42,796 

21,355 

21,441 

16-68 

17-63 

60 

37,996 

18,808 

19,188 

13-59 

14-40 

65 

31,852 

15,589 

16,263 

10-86 

11-52 

70 

24,531 

11,823 

12,708 

8-51 

9-03 

75 

16,664 

7,867 

8,797 

6-53 

6-92 

80 

9,398 

4,316 

5,082 

4-92 

5-20 

85 

4,021 

1,780 

2,241 

3-64 

3-83 

90 

1,140 

481 

659 

2-68 

2-77 

95 

174 

69 

105 

2-22 

2-06 

100 

16 

7 

9 

104 

2 

1 

1 

It  shows  the  number  of  males  and  females  (the  equaHtj 
of  whcm  affords  a  strong  argument  for  monogamy)  who 
will  be  found  living  at  each  period  of  years,  and  the  pro- 
bable duration  of  their  life  if  100,000  infants  be  taken. 
The  weight  of  the  human  body  vaiies  less  than  that  of 
other  animals,  as  determined  by  QxieteleVs  famous  calcu- 
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lations,  which,  being  useful  as  standards,  are  here  given 
in  pounds  avoirdupois  : — 

Maximum,      Minimum.  Mean. 

Male    218  108  140 

Female    206  140  121 

Still  fui'ther,  man  differs  from  other  animals  in  the 
powers  of  his  mind,  in  the  variety,  foi'ce,  and  delicacy  of 
his  feelings,  in  the  vast  prerogative  of  articulate  speech, 
and,  above  all,  in  the  possession  of  an  immortal  soul. 
The  beHef  in  a  Supreme  Being,  and  in  a  future  state,  is 
in  all  men  innate,  or  natural,  and  easily  developed.  He 
alone  endeavours  to  mitigate  the  sufferings  of  his  fellow- 
beings — a  consideration  which  much  enhances  the  dig- 
nity of  Medicine.  Susceptibility  of  education  he  shares, 
to  a  certain  limited  extent,  with  the  lower  animals  ;  but 
to  him  alone  is  given  the  privilege  of  progress  from  age 
to  age,  so  that  each  generation  inherits  the  experience 
and  acquisitions  of  its  predecessors,  and  humanity  grows 
wiser  and  wiser  as  it  advances. 

"  'Tis  the  sublime  of  man, 
Our  noontide  majesty,  to  know  ourselves — 
Part  and  proportion  of  a  wondrous  whole." 

So  strongly  marked  are  the  distinctions,  both  struc- 
tm-al  and  psychological,  between  man  and  all  beings 
below  him,  that  they  afford  (especially  as  no  efficient 
modifying  circumstances  have  been  suggested)  weighty 
arguments  against  the  doctrine  of  "  progressive  develop- 
ment," for,  as  Oioen  remarks,  "Nine-tenths  of  the  differ- 
ences which  have  been  cited  as  distinguishing  the  great 
chimpanzee  from  the  human  species,  must  stand  in  con- 
travention of  the  hypothesis  of  transmutation  and  pro- 
gressive development,  until  the  acceptors  of  that  hypo- 
thesis are  enabled  to  adduce  the  facts  demonstrative  of 
the  condition  of  the  modifiability  of  such  characters." 

That  there  is,  however,  unity  of  type  pervading  the 
whole  animal  kingdom,  comparative  anatomy  has  long 
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taught,  and  that  this  unity  exists  in  the  parts  of  the 
same  animal  has,  of  late  years,  been  demonstrated.  The 
importance  of  the  vertebrae  as  segments  of  the  neuro- 
skeleton  of  the  higher  animals  had  been  long  known, 
when,  in  1806,  it  occurred  to  Oken  that  the  bones  of  the 
skull,  however  complicated,  were  yet  but  modified  ver- 
tebra. Another  homology  was  soon  discovered  by  Spix, 
who  regarded  the  maxillary  arch, "  the  arm  of  the  head," 
a  view  which  their  being  both  used  in  prehension  of 
food  strengthens.  Such  doctrines  were  scofied  at  as 
"transcendental;"  and,  even  in  1845,  the  editor  of 
Cuvier's  works,  exclaims:  "Pour  moi  une  machoire 
superieure  est  une  machoire  superieure  et  un  bras  est 
un  bras.  II  ne  faut  pas  chercher  a  faire  sortir,  I'osteo- 
logie  d'un  systeme  de  metaphysique."  To  which  Oiveii 
repHes  :  "  But  a  jaw  is  not  the  less  a  jaw  because  it  is  a 
hsemapophysis,  nor  is  an  arm  the  less  an  arm  because  it 
is  a  diverging  appendage."  In  the  same  spuit  a  critic 
might  write  :  "Newton  called  this  earth  a  planet,  and 
the  moon  a  satellite.  For  me,  the  earth  is  an  earth,  and 
the  moon  is  a  moon.  One  must  not  strive  to  make  an 
ouranology  out  of  a  system  of  metaphysics."  The  verte- 
br£e  are  similar  bony  segments,  jointed  in  a  horizontal 
line  in  lower  animals,  and  piled  vertically  in  the  skeleton 
of  man.  Each  is  composed  of  a  number  of  parts,  deve- 
loped in  some  instances,  suppressed  in  others,  but  all 
represented  in  what  is  termed  the  "  typical  vertebra," 
and  exhibited  in  the  following  figure,  with  the  name  op- 
posite to  each.  The  parts  enclose  a  space  above  termed 
the  "Neural  arch,"  as  it  lodges  the  gi-eat  nervous 
centre,  and  another  below,  which,  protecting  the  great 
blood-vessels  and  nutritive  organs,  is  called  the  "  Has- 
mal"  or  "  Visceral  arch."  It  must  be  borne  in  mind 
that  this  typical  vertebrce  is  ideal ;  yet  it  may  be  exa- 
mined, in  a  very  perfect  condition,  in  the  skeleton  of 
fish,  caudal  vertebra  of  crocodile,  and  thoracic  vertebra 
of  birds ;  and  thus  we  are  led  up  to  the  Mammalian  form. 
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They  are  named  as  follows  : — 

Neural  spine ;  sometimes  bifid,  as  in 

man's  cervical  vertebrae. 
Zygapophyses ;  4  articulai"  processes, 

2  to  neural,  2  to  hamal  arch. 
Neurapopliyses,  2  ;  forming  sides  of 

neural  arcb. 
Diapophyses,  2 ;   upper  transverse 

processes. 
Centrum;  tbe  body,  or  most  essen- 
tial part. 
Pleurapopbyses,  2 ;  ribs. 
Parapophyses,  2 ;  lower  transverse 

processes. 
Hsemapopbyses,  2  ;  forming  sides  of 

haemal  arch. 
Hffimal  spine  ;  sometimes  bifid. 

The  Ideal  Vertebta. 

These  elements  can  be  found,  more  or  less  modified, 
in  cranial,  cervical,  thoracic,  lumbar,  pelvic,  and  caudal 
vertebrae  of  all  skeletons.  It  is  to  be  regretted  that 
these  names  are  so  novel  and  apparently  pedantic,  but 
Br.  Huniphry  of  Cambridge,  in  his  philosophic  treatise 
on  the  skeleton,  has  suggested  much  simpler  expressions. 
A  familiar  example  will  illustrate  the  necessity  for  the 
suppression  of  some  elements  in  certain  parts  of  the 
human  skeleton  ;  thus,  if  the  ribs  or  pleui*apophyses  of 
the  lumbar  vertebrae  were  developed,  the  abdomen  would 
be  as  indistensible  as  the  thorax. 

Space  will  not  allow  me  to  describe  what  MacUse 
called  "the  archetype  skeleton,"  and  which  has  been 
constructed  by  Owen  as  an  ideal  tjipe  for  that  of  all  ver- 
tebrata.  As  shown  by  the  next  figure,  in  which  the 
letters  correspond  to  the  last,  the  skull  is  composed  of 
four  cranial  vertebras — occipital,  parietal,  frontal,  and 
nasal,  coiTesponding  to  the  four  great  ganglia,  in  which 
the  brain  is  developed — viz.,  epencephalon,  mesence- 
phalon, prosencephalon,  rhinencephalon,  and  the  organs 
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of  the  senses — hearing,  taste,  sight,  and  smell.  I  shall 
describe  the  homology  of  the  first  of  these,  as  showing 
"the  nature  of  limbs,"  a  subject  admirably  reasoned  on 
and  proven,  especially  from  the  anatomy  of  fish  and  lepi- 
dosiren,  in  Oiven's  gi'eat  work  bearing  that  title.  The 
centrum  is  seen  in  the  basilar  process,  the  nem-al  arch 
in  the  foramen  magnum,  the  neurapophyses  in  the  por- 
tions at  each  side,  and  the  neural  spine  in  the  expanded 


The  Four  Cranial  Vertebra. 


part  behind.  The  condyles  represent  the  zygapophyses ; 
the  hremal  arch  is  transfen-ed  to  the  side  of  chest,  where, 
the  student  will  be  sui-prised  to  learn,  it  forms  the  upper 
extremity,  the  scapula  being  homologous  to  the  plem-a- 
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pophyses,  its  coracoid  process  to  the  hsemapophysis,  and 
the  arm,  a  diverging  appendage.  Maclise  regards  the 
scapula  and  clavicle  as  belonging  to  the  neighbouring 
cervical  vertebraB. 

The  following  are  the  elements  of  the  four  cranial 
vertebrte  as  represented  in  the  foregoing  figure  : 

OCCIPITAL.       PARIETAL.  FRONTAL.  NASAL. 

All  behind     Parietal.        Frontal.  Nasal, 
foramen 
magnum. 

All  beside       Great  wine     Lesser  wing    Lamella  of 
foramen      of  sphenoid,   of  sphenoid.  ethnoid. 
magnum. 

Mastoid         External  an- 
process.      gular  process 

Basilar  pro-  Back  of  body  Front  of  Vomer, 
cess.        of  sphenoid,  body  of  sphe- 
noid. 

Scapula.        Styloid  pro-    Tympanic       Palate  bones, 
cess  and  sty-  process, 
lo-hyoid  li- 
gament. 

Arm.  Thyro-hyoid  Internal 

ligament.  pterygoid 

plate. 

Coracoid       Lesser  cornu  Lower  jaw.      Upper  jaw. 
process.  ofhyoid. 

Malar  and 
squamous. 

Manubrium    Body  of        Symphisis  of  Premaxil- 
( which  also        hyoid.         lower  jaw.      lary  bones, 
belongs  to 
first  thoracic 
vertebra). 

Maclise  considers  the  facial  bones,  the  hyoid  and  the 
thyroid,  cricoid  and  tracheal  cartilages,  as  parts  of  the 
haemal  arches  of  the  corresponding  cranial  and  cervical 
vertebrae,  but  the  far  greater  number  of  tracheal  rings 
than  vertebrfe  throws  doubt  on  the  hypothesis. 

Constancy  in  number  is  very  remarkable  throughout 
mammalian  skeletons,  of  which  the  number  of  cervical 
vertebrae  is  a  striking  instance,  there  being  but  seven  in 
the  long-necked  girafi'e,  and  the  same  number  in  the 
whale,  whose  head,  like  that  of  fishes,  seems  directly  set 
on  the  trunk.    The  three-toed  sloth,  where  there  are 


Neural  Spine. 

Neurapophysis. 

Diapophysis. 
Centrum. 

Pleurapophysis. 

(Diverging  ap- 
pendage). 

Haemapopliysis. 

(Diverging  ap- 
pendage). 

Haemal  Spine. 
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nine,  and  the  sea-cow,  where  there  are  but  six,  are  the 
sole  exceptions.  The  same  homology  to  the  elements  of 
vertebrae  can  be  demonstrated  in  every  bone  of  the  body ; 
hence  the  importance  of  the  theory  which  Holden  calls 

the  grammar  of  all  osteology." 

The  Human  Family  is  calculated  to  include  about 
1,000,000,000  individuals,  the  average  dui'ation  of  whose 
life  is  such  that  one  dies  about  every  second.  The 
science  of  ethnology  investigates  the  varieties  of  this 
vast  multitude,  and  its  difficulties  will  be  understood 
when  it  is  stated  that  no  less  than  3,064  distinct  lan- 
guages, and  1,100  religious  creeds  are  now  extant 
among  them.  Ethnological  dynamics  considers  the  in- 
fluences which,  working  for  centuries,  have  produced 
varieties  among  men.  Among  those  that  are  physical 
are  chmate,  soil,  and  food,  besides  which  mental  culture 
has  remarkable  influence.  Agassiz  remarks  that  all 
round  the  arctic  circle,  and  thus,  in  every  longitude  there 
is  as  striking  a  similarity  between  the  men  as  between 
the  fauna  and  flora  of  each  region.  Such  are  the  Lap- 
landers, the  Esquimaux,  and  the  Samoiedes,  on  the 
European,  American,  and  Asiatic  continents  respectively. 
Civilization  produces  many  differences  of  individual  phy- 
siognomy, for  there  is  the  closest  similarity  in  the  coun- 
tenances of  the  members  of  any  savage  tribe.  The  effect 
of  food  in  altering  the  characters  of  man  has  been  pain- 
fully illustrated  in  our  own  country,  for  no  one  can  have 
failed  to  remark  how  much  the  sad  famine  years  de- 
pressed the  physical  and  mental  characters  of  the  western 
and  southern  people,  or  how,  under  Providence,  more 
prosperous  times  have  again  amehorated  their  condition 
in  both  these  respects.  Sometimes,  however,  we  cannot 
perceive  the  effect  of  such  influences,  acting  for  a  short 
number  of  years,  or  in  one  generation,  as  the  European, 
American  native,  and  Negi-o,  are  found  to  preserve  their 
distinctive  characters  under  very  similar  circumstances. 
So  gradual,  then,  are  such  changes,  that  many  think  it 
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necessary  to  suppose  a  much  eai'lier  origin  for  the  human 
species  than  usually  assigned,  as  we  find  the  Egyptian 
artists  have  pictured  the  characters  of  Hebrew,  Copt,  and 
Negi'o,  as  strongly  marked  in  the  Mosaic  period  as  they 
are  now.  Lepsius  asserts  that  the  chronology  of  the  Egyp- 
tians extends  to  3,900  B.C.,  soon  after  which  the  build- 
ing of  the  p}Tamids  began  ;  and  the  late  Mr.  Horner 
read  a  paper  before  the  Royal  Society  in  1858,  in  which 
he  stated  that  man  has  existed,  and  in  a  civihzed  state, 
for  13,370  years.  He  found  a  fragment  of  pottery  39 
feet  from  the  surface  of  the  Nile  ;  and  as  sediment  is 
only  deposited  at  the  rate  of  3^  inches  in  the  century,  it 
would  have  taken  that  vast  period  to  have  buried  it  so  deep. 
Fossil  remains  of  man,  coeval  with  the  mammoth, 


Outlines  of  European,  Australian ,  and  Neanderthal  Skulls,  and  that  of  the 

Chimpanzee. 

have  been  discovered  by  Schmerling  in  the  cave  of  En- 
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gis,  on  the  banks  of  the  Meuse,  and  others  by  Dr. 
Schaafhausen  in  a  cavem  on  the  Neanderthal,  of  greater 
antiquity,  if  we  can  judge  from  the  deposit  of  dendrites. 
The  latter  was  but  a  fragment,  yet  it  indicated  very  low 
development  in  its  flattened  form,  prominent  supra- 
orbital ridges,  enormous  frontal  sinuses,  and  extremely 
small  facial  angle,  which  was  calculated  at  56°  ;  it  may 
be,  in  fact,  regarded  as  the  most  brutal  of  all  known 
human  crania.  It  nevertheless  was  of  medium  capa- 
city, and  immensely  above  the  most  anthropoid  skull  in 
this  particular.  Mr.  Busk  has  described  a  skull  from  a 
tumulus  at  Borreby,  Denmark,  almost  identical  with  the 
Neanderthal  fragment. 

Speaking  of  the  origin  of  all  from  a  common  parent. 
Dr.  Symonds  most  eloquently  exclaims :  "  Does  the 
Bosjesman — who  lives  in  holes  and  caves,  and  devours 
ants'  eggs,  locusts,  and  snakes — belong  to  the  same 
species  as  the  men  who  luxuriated  in  the  hanging  gar- 
dens of  Babylon,  or  walked  the  olive  grove  of  Academe, 
or  sat  enthroned  in  the  imperial  homes  of  the  Caesars, 
or  reposed  in  the  marble  palaces  of  the  Adriatic,  or  held 
sumptuous  festivals  in  the  gay  salons  of  Versailles  ?  Can 
the  grovelling  Wawa,  prostrate  before  his  fetish,  claim  a 
community  of  origin  with  those  whose  reUgious  senti- 
ments inspired  them  to  pUe  the  prodigious  temples  of 
Thebes  and  Memphis,  to  carve  the  friezes  of  the  Par- 
thenon, or  to  raise  the  heaven-pointing  arches  of  Co- 
logne ?    That  ignorant  Ibo,  muttering  his  all  but  inar- 
ticulate prayer — is  he  of  the  same  ultimate  ancestry  as 
those  who  sang  deathless  strains  in  honour  of  OljTnpian 
Jove,  or  of  Pallas  Athene — or  of  those  who,  in  a  pm-er 
worship,  are  chanting  their  glorious  hymns  or  solemn 
litanies  in  the  churches  of  Christendom  ?    That  Alfouro 
woman,  with  her  flattened  face,  transverse  nostrils,  thick 
lips,  wide  mouth,  projecting  teeth,  eyes  half  closed  by  the 
loose,  swollen  upper  eyehds  ;  ears,  circular,  pendulous, 
and  flapping  ;  the  hue  of  her  skin  of  a  smoky  black,  and 
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(by  way  of  ornament)  the  septum  of  her  nose  pierced 
with  a  round  stick  some  inches  long — is  she  of  the  same 
original  parentage  as  those  whose  transcendent  and 
perilous  beauty  brought  unnumbered  woes  on  the  people 
of  ancient  story,  convulsed  kingdoms,  entranced  poets, 
and  made  scholars  and  sages  forget  their  wisdom  ? 
Did  they  all  spring  from  one  common  mother  ?  Were 
Helen  of  Greece,  and  Cleopatra  of  Egypt,  and  Joanna  of 
Arragon,  and  Rosamond  of  England,  and  Mary  of  Scot- 
land, and  the  Eloises,  and  Lauras,  and  lanthes — were 
all  these,  and  our  poor  Alfouro,  daughters  of  her  who 
was  *  fairest  of  all  her  daughters — Eve  ?'  The  Quaiqua, 
or  Sabo,  whose  language  is  described  as  consisting  of  cer- 
tain snapping,  hissing,  grunting  sounds,  all  more  or  less 
nasal — is  he  too  of  the  same  descent  as  those  whose  elo- 
quent voices  '  fulmined  over  Greece,'  or  shook  the  forum 
of  Rome — or  as  that  saint  and  father  of  the  Church  sur- 
named  '  Golden-mouthed' — or  as  those  whose  accents 
have  thrilled  all  hearts  with  indignation,  or  melted  them 
with  pity  and  ruth,  in  the  time-honoured  halls  of  West- 
minster ?" 

The  identity  of  the  varieties  in  the  chief  physiologi- 
cal functions,  such  as  the  length  of  utero-gestation, 
ai'gues  the  origin  of  all  men  from  a  pair  of  common 
parents,  for  these  vary  much,  even  in  species  most  closely 
alHed — thus,  the  she- wolf  carries  her  young  ninety  days, 
the  bitch  but  sixty-two.  The  union,  too,  of  individuals 
of  varieties  most  widely  apart,  as  Em'opean  and  Negro, 
is  fruitful,  as  is  also  the  progeny  of  such  intermarriage. 
Now  all  hybrids  of  animals  are  sterile,  at  least  after  a 
second  generation.  Again,  there  is  some  resemblance 
between  most  languages — for  instance,  it  is  said  the  in- 
fants of  all  nations  first  pronounce  the  syllables  ha,  jm, 
ma.  ^  There  are,  of  course,  very  great  diflferences  in  such 
particulars  as  height,  of  which  M'Grath,  the  Irish  giant, 
whose  skeleton  is  preserved  in  Trinity  College  Museum 
(8  feet  6  inches),  may  be  regarded  as  an  occasional 
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excess  ;  whilst  the  Patagonians,  whose  average  height  is 
6  feet,  and  the  Bosjesmen,  who  measure  but  4  or  4^ 
feet,  may  be  taken  as  national  extremes.  In  other  ani- 
mals the  range  of  size  is  much  larger — for  instance,  it  is 
stated  the  English  dray-horse  has  been  found  27  times 
larger  than  the  Shetland  pony.  The  hair  of  different 
nations  affords  data  for  classification — thus,  the  Melano- 
comous,  or  black-haired  ;  the  Zanthous,  or  yellow- 
haired  ;  and  the  Leucous,  or  white-haired,  may  be  dis- 
tinguished. The  last  class,  also  known  as  Albinoes, 
occurs  in  any  variety,  even  Ethiopian,  and  are  marked 
by  white  skin,  pale  yellow  hair,  pink  irides,  and  red 
pupils.  Draper  thinks  the  changes  of  colour  which  heat 
produces  due  to  interference  with  the  action  of  the  liver. 

The  Cranium  affords  very  evident  distinctive  charac- 
ters, and  it  may  be  viewed  in  four  aspects — 1,  Lateral, 
Camper ;  2,  Vertical,  Blumenhach ;  3,  Basilar,  Owen  ; 
and,  4,  Front,  Pritchard.  The  last-named  author  has 
described  three  well-marked  varieties  of  skull,  which 
broadly  characterize  groups  of  men — 1,  The  oval  or 
symmetrical;  2,  The  broad  or  pyramidal;  and,  3,  The 
elongated  or  prognathous.  It  must,  however,  be  con- 
fessed that  such  conditions  are  not  peculiar  to  any 
group,  as  many  negroes  have  an  oval,  lofty  skull,  and 
many  Europeans  acquire  the  debased  aspect  of  the 
prognathous  skull,  and  Tiedemann  asserts  that  the  capa- 
city of  the  skull  of  all  varieties  is  equal,  only  differing 
in  position  of  brain  and  face.  Morton  assigns  92,  83, 
and  72  cubic  inches  as  the  average  capacity  of  the  skull 
of  Europeans,  Negroes,  and  American  Indians  respect- 
ively. Before  describing  the  varieties  into  which  man 
is  divisible,  it  is  well  we  should  understand  the  terms  we 
use,  and  I  select  the  definitions  of  Dr.  Latham,  as  the 
most  learned  of  living  ethnologists  and  philologists:  "A 
species  is  a  class  of  individuals  each  of  which  is  hj'pothe- 
tically  considered  to  be  the  descendant  of  the  same  pro- 
toplast, or  of  the  same  pair  of  protoplasts.    A  variety  is 
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a  class  of  individuals  each  belonging  to  the  same  species, 
but  each  differing  from  other  individuals  of  the  species 
in  points  wherein  they  agree  amongst  each  other.  A  race 
is  a  class  of  individuals  concerning  which  there  are  doubts 
as  to  whether  they  constitute  a  separate  species,  or  a 
variety  of  a  recognized  one."  Hence,  no  such  word  as 
race  should  be  used  in  the  natural  history  of  man.  In 
the  present  state  of  ethnological  science,  and  in  the 
absence  of  any  physiological  points  of  distinction,  the  fol- 
lowing classification  (of  which  Citvier  described  the  first 
three  groups,  Blumenbach  the  two  last)  maybe  considered 
as  at  least  convenient. 

I.  Caucasian,  including  all  Europeans — except  Finns 
— the  natives  of  Western  Asia  and  Northern  Africa,  of 
whom  Larrey  considered 
the  Arabs  the  most  per- 
fect of  men.  It  must  be 
acknowledged  that  this 
class  groups  together 
many  nations  differing 
very  widely,  and  the 
name  might  be  restricted 
to  the  dwellers  on  or 
about  Mount  Caucasus, 
so  long  famous  for  per- 
sonal beauty,  and  the 
Armenians.  The  cha- 
racteristics are  a  fair, 
or  sometimes  slightly 
brown  skin,  but  always 
letting  the  colour  of  the 
blood  appear  through  ; 
abundant,    soft,  wavy 

hair,  generally  dark ;  large  orthognathous  cranium,  lofty 
forehead^  with  a  small  face  placed  under  it ;  facial  angle 
from  80°  to  85°,  narrow  nose,  thin  lips,  round  and  pro- 
minent chm.    The  eyes  vary  in  colour,  but  always  ex- 

3 


Caucasian— Sir  A.  Cooper. 
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press  the  emotions  more  truly  than  any  other  feature, 
in  a  way  scarcely  understood.  The  moral  feelings  and 
mental  powers  are  capable  of  the  highest  elevation  by 
the  genial  influence  of  education.  To  illustrate  the 
characters  of  the  variety,  I  have  introduced  a  portrait 
of  that  able  physiologist,  greatest  of  surgeons,  and  true 
philanthropist — Sir  Astley  Cooper. 

II.  The  Mongolian,  including  the  natives  of  Central 

and  Northern  Asia,  the  Chi- 
nese, Japanese,  and  the  Lap- 
landers and  Esquimaux,  all  of 
whom  are  nomadic,  mainly 
equestrian,  and  often  subject- 
ed to  great  privation.  The 
variety  is  marked  by  an  olive 
skin,  dark  eyes,  black,  strong, 
and  straight  hair,  and  scanty 
beard,  low  forehead,  flat  and 
broad  face,  especially  at  the 
^  glabella,  or  space  between  the 
eyebrows,  prominent  cheeks, 
oblique  eyes,  with  the  open- 
Mongoiian.  ing  between  the  lids  narrow, 

and  drawn  up  at  the  outer  canthus.    Between  the  inner 

canthus  and  the  nose  there 
is  often  a  semi-lunar  fold, 
which  surgeons  may  meet 


with  under  the  term  of  epi- 
canthus.  Sir  W.Wilde  {irom 
whose  work  on  "Malforma- 
Epicanthut.  tious  of  the  Eye"  the  annexed 

representation  is  taken)  states  that  it  indicates  some  ad- 
mixture of  Mongolian  blood. 

III.  The  Ethiopian,  or  natives  of  Africa,  and  their 
numerous  descendants  in  the  slave  states.  The  skin 
and  eyes  are  black,  hair  short,  crisp,  and  woolly,  with 
a  fetid  sebaceous  secretion,  so  copious  that  it  can  be 
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felted  ;  skull  very  thick,  prognathous,  facial  angle  10°  to 
75°,  forehead  low  and  slant- 
ing ;  jaws  protruding ;  chin 
receding;  nose  broad  and 
flat,  spreading  out  on  the 
cheeks;  lips  thick.  The 
calf  is  very  high,  the  bones 
of  leg  extremely  convex  ; 
and  the  heel  projecting, 
with  a  foot  but  slightly 
arched.    It  is  said,  but  on 
very  questionable  autho- 
rity, that  the  premaxillary 
bone  is  decidedly  present. 
It  will  be  remarked  that 
there  are  few  anatomical  Ethiopian, 
differences  between  the  Negro  and  the  more  elevated 
races,  much  as  they  have  been  sought  for  by  those  who 
attempt  to  defend  that  disgrace  to  humanity — slavery. 
The  president  of  the  Anthropological  Society  surpasses 
any  American  pro -slavery  advocate  in  his  late  address 
on  the  subject,  which  contains  the  following  absurd  and 
irreverent  passage :  "Thus,  an  anatomist,  with  the  Negro 
and  ourang-outang  before  him,  after  a  careful  compari- 
son, would  'say  perhaps  that  nature  herself  had  been 
puzzled  where  to  place  them,  and  had  finally  compro- 
I  mised  the  matter  by  giving  them  an  exactly  equal  incli- 
j  nation  to  the  form  and  attitude  of  each  other."  Laivrence 
I  gives  some  examples  of  individuals  of  this  race  where 
I  the  skin  was  white,  and  one  instance  where  it  became 
gradually  white  after  the  age  of  twelve.    The  person  had 
:  a  second  attack  of  measles,  and  lost  smell  entirely.  The 
I  face  and  other  exposed  parts  assumed  a  copper  tint.  Dr. 

Livingstone  states,  that  syphilis  cannot  be  perpetuated 
1  among  the  Africans. 

IV.  The  American,  comprising  all  the  aborigines, 
save  the  Esquimaux.    The  skin  is  of  a  dark  red,  hair 
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black  and  long,  beard  small,  skull  and  face  very  like  the 
Mongol,  but  more  elongated,  as  the  figui-e  of  a  Cherokee 


Cherokee  SkuU. 


skull  shows,  and  the  nose  is  larger  and  more  aquiline. 
They  are  remarkable  for  the  want  of  domestic  animals, 
their  active  habits,  and  the  great  number  of  sections  into 
which  they  are  broken  up.  They  are  rapidly  diminishing 
in  numbers  owing  to  the  poison  alcohol,  which,  however, 
it  is  reported,  never  produces  delirium  tremens.  The 
variety  spreads  rather  north  and  south,  from  the  arctic 
region  to  Patagonia,  and  not  in  the  same  latitude  and 
climate  as  other  varieties  do.  One  tribe,  the  Waraws, 
has  been  said  to  be  "  arboreal,"  since  Sir  Walter  Raleigh 
recorded  that  "  in  winter  they  dwell  upon  the  trees, 
where  they  build  very  artificial  towns  and  houses ;  for 
between  May  and  September  the  river  of  Orinocco  riseth 
30  feet  upright."  Dwellings  are  formed  by  docking  the 
Ita-palm,  and  thence  spreading  out  a  floor. 

V.  The  Malay,  or  Oceanic  of  Latham,  including  the 
natives  of  the  Asiatic  Islands,  Borneo,  Australia,  New 
Zealand,  &c.  The  skin  is  brown,  hair  black  and  copi- 
ous, forehead  narrow,  but  rather  high ;  face  prominent, 
lips  thick,  and  mouth  wide.  The  characters  of  the  skull 
are  exhibited  in  the  figure  of  an  Australian  cranium,  on 
p.  29.  It  is  remarkable  for  the  thickness  of  its  walls  and 
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the  frontal  sinuses  being  often  undeveloped.  The  physical 
strength  and  development  of  the  Malay,  especially  in  the 


Bosjesman  'playing  on  the  Guurah, 


pelvic  extremities,  is  very  low,  and  it  may  be  questioned 
whether  the  variety  does  not  rank  below  the  Ethiopian 
in  the  human  scale. 

QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  State  the  species,  genus,  sub-order,  order,  and  class  of  ani- 
mals to  which  man  belongs. 

2.  Explain  what  is  meant  by  the  "  facial  angle." 

3.  What  are  the  most  striking  differences  between  the  crania  of 
man  and  the  gorilla  ? 

4.  Enumerate  the  parts  of  the  ideal  vertebra. 

5.  How  have  human  crania  been  divided  ? 

6.  Enumerate  the  varieties  of  man  and  the  characters  of  the 
Ethiopian  group. 

SKNIOR. 

1.  Enumerate  the  zoological  characters  of  man. 

2.  What  are  the  anatomical  peculiarities  of  the  human  upper 
and  lower  extremities  ? 

3.  State  the  psychical  attributes  which  distinguish  man  from 
the  brute. 
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4.  Write  out  the  elements  of  the  epencephaUc  vertebra,  with 
their  ordinary  anatomical  names. 

5.  Adduce  facts  and  arguments  proving  the  unity  and  antiquity 
of  the  human  race. 

6.  What  fossil  human  remains  have  been  discovered? 
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Op  the  60  or  65  elements  or  simple  bodies  which  com- 
pose the  material  world,  about  15,  or  one-fourth,  occur 
in  the  human  body,  being  ingested  in  the  form  of  ani- 
mal or  vegetable  food.    They  are — 


Elements. 

Symbols. 

Elements. 

Symbols. 

Oxygen 

.  0. 

Potasium 

K. 

Hydi'ogen 

.  H. 

Sodium 

Na. 

Nitrogen 

.  N. 

Calcium 

Ca. 

Carbon 

.  C. 

Magnesium 

Mg. 

Sulphur 

.  s. 

Lithium 

Li. 

Phosphorus 

.  p. 

Iron 

Fe. 

Silicon 

.  Si. 

Manganese  (?) . 

Mn. 

Chlorine 

.  CI. 

Aluminium  (?). 

Al. 

Fluorine 

.  F. 

Copper  (?)  . 

Cu. 

Arsenic  (?) 

As. 

Of  these,  the  fii'st  four  occur  so  frequently  as  to  be  called 
essential,  and  the  last  four  are  so  entirely  accidental  that 
they  should  be  omitted.  It  will  be  seen  that  none  of 
these  substances  are  peculiar,  so  it  must  be  in  their  mode 
of  union  that  differences  between  organic  and  inorganic 
bodies  exist.  As  none  of  these  elements  occur  in  the 
uncombined  state,  it  will  be  more  convenient  to  consider 
their  products,  which  may  be  classified  as,  I.  Inorganic ; 
II.  Unnitrogenized  ;  III.  Nitrogenized. 

I.  The  Inorganic  Group  possesses  a  constant  and  de- 
finite chemical  composition,  being  generally  formed  by 
the  union  of  two  elements,  or  two  pairs  of  elements,  in 
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either  single  or  few  equivalent  numbers.  They  are 
mostly  crystallizable.  Our  knowledge  of  these  sub- 
stances is  not  exact,  as  incineration,  by  which  they  are 
obtained,  expels  the  volatile  bodies,  and  oxidizes  many 
others.  They  may  be  subdivided  into — 1.  Those  that 
are  mechanically  useful ;  2.  Those  that  are  chemically 
useful  ;  and,  8.  Those  that  are  accidental,  and  of  no 
apparent  use. 

1.  Water  (HO)  is  essentially  necessary  to  maintain, 
by  its  solvent  power,  all  the  great  functions  of  the  body, 
and  to  it  are  due  most  of  the  physical  properties  of  the 
tissues,  such  as  pliancy  or  elasticity.  Its  evaporation 
also  duly  cools  the  surface.  It  forms  more  than  two- 
thirds  of  the  weight  of  the  body,  constituting  in  1,000 
parts,  of  epidermis  87,  teeth  100,  bones  138,  muscle  750, 
brain  789 — the  vital  endowment  of  any  tissue  appearing 
to  be  proportional  to  its  amount  of  water.  Blumenbach 
had  a  mummy  which  weighed  but  7^tb.  About  4tb.  of 
water  are  daily  ingested  as  food  or  drink,  and  egested  as 
urine,  sweat,  pulmonary  and  alvine  discharges,  the 
amount  of  each  excretion  being  often  vicarious. 

Phosphate  of  Lime  (8  Ca  0,  3  PO5  ),  of  which  there 
are  5  or  Qth  in  the  body,  confers  hardness  on  nearly  all 
the  tissues.  Enamel,  which  is  so  hard  as  to  strike  fire 
with  steel,  contains  885,  bone  550,  muscle  2-5,  blood 
0*8.  It  is  kept  dissolved  by  the  alkaline  albumen  in  the 
blood,  and  by  biphosphate  of  soda  in  the  urine.  Lactic 
acid  also  will  take  up  more  than  one- half  its  bulk  of  this 
Bait.  Rickets  during  dentition,  and  ununited  fracture 
during  pregnancy,  are  explained  by  the  teeth  and  foetus 
appropriating  so  much  of  this  mechanically  useful  salt, 
which  has  also  been  found  nearly  absent  in  osteo-malakia. 

Carbonate  of  Lime  (Ca  0,  CO2 )  is  found  in  the  ske- 
leton (especially  in  that  of  invertebrates  and  in  bony 
growths).  It  may  be  amorphous,  as  in  bones;  or 
dissolved  in  carbonic  acid  ;  crystalline,  as  in  the  ear- 
concretions.    It  is  said  to  be  absent  in  osteo-malakia. 
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Phosphate  of  Magnesia  (2  Mg  0,  PO5)  usually  ac- 
companies phosphate  of  lime,  which  it  exceeds  in  feces, 
being  introduced  in  the  cereal  grains.  In  typhus,  the 
phosphate  of  ammonia  and  magnesia  has  been  found 
adherent  to  the  Peyerian  patches. 

Fluoride  of  Calcium  (Ca  Fl)  was  discovered  in  teeth 
and  bones  by  Von  Bihra,  especially  those  that  are  fossil. 
Liebig  found  it  in  bones  from  Pompeii,  and  it  exists  in 
blood,  milk,  &c.  Silica  often  occui's  (perhaps  acci- 
dentally) in  blood,  bile,  and  m-ine, 

2.  Chloride  of  Sodium  (Na  CI)  is  the  most  important 
of  the  substances  which  are  chemically  useful,  and  is 
found  in  all  the  tissues,  save  enamel — vitreous  humour  14, 
cartilage  11,  blood  4*5,  bile  3-5,  urine  3,  bone  2-5,  and 
muscle  2.  There  are  about  4  ounces  in  the  entire  body. 
It  is  introduced  in  the  separate  state  with  the  food  of  all 
people,  excepting  the  South  Sea  Islanders  and  some  South 
Americans,  who,  however,  live  on  a  salt-water  fish  diet. 
Most  aliments  contain  it,  except  perhaps  muscle  juice 
and  yolk  of  egg — hence  theu'  insipid  taste.  Its  uses  are, 
to  increase  solubility  of  albumen,  to  prevent  coagulation 
of  the  blood,  to  furnish  hydrochloric  acid  for  the  gastric 
juice  and  soda  for  the  bile,  to  aid  in  carrying  the  urea  from 
muscle,  and,  lastly,  is  useful  in  the  process  of  osmose 
by  altering  the  specific  gravity  of  the  fluids.  It  is  excreted 
by  the  urine,  save  in  pneumonia,  when  it  accumulates  in 
the  lung.  Cattle  require  this  substance,  for,  when  denied 
it,  they  lose  condition.  One-fifth  less  is  excreted  than 
is  introduced  as  food,  probably  being  decomposed  into 
chloride  of  potassium  and  phosphate  of  soda. 

Carbonate  of  Soda  (Na  0,  CO2)  occurs  in  the  blood, 
keeping  the  albumen  fluid,  neutralizing  acids,  which  may 
be  formed  in  the  body,  and  promoting  the  oxidation  of 
organic  bodies,  especially  sugar.  It  is  obtained  from  the 
tartrates,  citrates,  and  mulates  in  vegetable  food,  the 
organic  acid  being  changed  into  carbonic  acid. 

The  Alkaline  Phosphates  are  found  in  such  tissues 
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where  common  salt  is  deficient,  as  blood  cells,  muscle, 
and  yolk  of  egg.  They  render  more  soluble  the  earthy 
phosphates.  They  are  contained  in  cereal  grains.  The 
want  of  these  potash  salts  produces  scurvy,  and  lime- 
juice,  which  Si7-  G.  Blane  showed  was  prophylactic, 
contains  citrate  of  potash  plentifully.  The  potash  salts 
abound  in  muscle  and  blood-cells,  the  soda  in  blood- 
serum. 

Sulphur  is  found  in  the  protein  bodies,  the  cuticle 
and  its  appendages,  and  most  largely  in  the  taurin  of 
the  bile  and  the  cystin  of  the  urine.  It  occurs  in  the 
sulphates  in  urine,  and  in  the  sulpho-cyanide  of  potas- 
sium in  saliva. 

Phosphorus  is  contained  in  all  the  protein  bodies, 
in  nervous  matter,  and  as  phosphates  in  all  the  tis- 
sues. Liehig  denies  that  any  uncombined  phosphorus 
exists. 

Iron  is  found  in  the  free  state  in  the  blood,  as  a  chlo- 
ride in  gastric  juice,  and  a  phosphate  in  the  spleen.  It 
is  abundant  in  colouring  matter,  as  that  of  bile,  hair,  &c. 
Iron  is  contained  in  such  quantity  that  the  French  are 
said,  after  burning  the  body,  to  have  made  a  mourning 
ring  out  of  it.  A  small  commemorative  medal  might  be 
also  struck. 

3.  Among  those  bodies  which  are  accidental,  are  man- 
ganese, which  accompanies  iron  in  blood,  hair,  &c.,  espe- 
cially, it  is  said,  in  Scotchmen,  who  use  so  much  oats 
as  food — that  grain  containing  it  rather  abundantly.  It 
exists  also  in  the  lettuce,  asparagus,  cauliflower,  and 
other  vegetables.  Orjlla  believed  that  arsenic  was  a 
normal  constituent,  but  it  merely  appears  if  introduced 
as  medicine,  when,  being  cumulative,  it  remains  for  some 
time  in  the  liver.  The  same  may  be  said  of  lead  and 
copper,  but  the  latter  is  constant  in  the  livers  of  some 
molluscs  and  crustaceans.  Iodine  is  said  to  escape  in 
the  human  breath,  except  in  the  Genevese,  who  are  so 
subject  to  goitre. 
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II.  The  TJnnitrogenized  Group  are  of  more  complex 
nature.  They  are  mainly  derived  from  the  vegetable 
kingdom,  many  of  them  crystallize,  and  all  consist  of 
carbon,  hydrogen,  and  oxygen. 

Starch  occurs  in  the  ventricles  and  grey  substance  of  the 
brain,  and  in  special- sense  nerves,  according  to  Virchow, 
but  is  probably  a  pathological  product.  It  is  ingested 
in  great  quantities  in  bread  and  vegetables ;  arrow-root, 
sago,  salep  from  the  orchids,  and  Irish  moss,  are  nearly 
pure  starch.  In  powder  it  may  be  known  by  crackling 
between  the  fingers  ;  it  is  arranged  in  granules  either 
single,  as  in  the  potato,  or  grouped  in  a  capsule  of  cellu- 
lose, which  substance  escapes  undigested.  Starch  diffuses, 
but  does  not  dissolve  in  cold  water,  but  hot  water  bursts 
its  capsules,  producing  a  gelatinous  mass,  which  dries 
into  an  insoluble  crust.  Its  solution  gives  the  well- 
known  blue  colour  with  iodine.  Starch  itself  is  useless 
as  food,  but  by  taking  two  equivalents  of  water  becomes 
sugar  (Ci2  Hio  Oio  +2  HO  =  C12  H12  0,2).  This  con- 
version occurs  in  seeds  when  germinating,  or  malting, 
in  food  by  fermentation  excited  by  salivin,  or  on  boiling 
with  dilute  acid,  by  which  the  intermediate  substances, 
gum  and  dextrin,  are  produced.  ! 

The  Sugars  are  very  soluble  in  water,  from  which 
they  crystallize  ;  by  fermentation  they  yield  carbonic 
acid  and  alcohol.  Their  general  formula  is  C12  Hi2  O12, 
and  the  following  varieties  only  differ  in  the  amount  of  I 
water  they  contain : — Glycose,  or  grape  sugar  (C12  H12 
O12  +  2  HO),  lactose  or  milk  sugar  (C12  H12  O12),  hepa- 
tose  or  liver-sugar  (C12  H]2  O12  +  2  HO),  inosite  or 
muscle-sugar  (C12  H]2  O12  +  4  HO).  Sucrose,  or  cane- 
sugar,  and  some  others,  do  not  occur  in  animal  bodies. 
Sugar  may  be  recognised  by  the  following  tests.  Moore's — 
Add  liquor  potassae  ;  boil,  and  the  fluid  becomes  a 
brownish  red.  Heller  further  states  that  a  few  drops  of 
nitric  acid  develops  the  odour  of  burnt  sugar.  Trom- 
mei-'s—AM  liquor  potassse,  and  then  gradually  a  weak 
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solution  of  sulphate  of  copper ;  at  once  a  blue  colour  or 
slight  blue  precipitate  is  formed  ;  boil  for  a  few  minutes, 
and  the  fluid  becomes  orange,  and  at  last  deposits  an 
ochre-brown  suboxide  of  copper,  the  sugar  having  ab- 
stracted oxygen  from  the  sulphate  of  peroxide  of  copper. 
Bolton  states  that  the  organic  constituents  of  urine, 
gastric  juice,  &c.,  interfere  with  this  test  by  preventing 
the  precipitation  of  the  suboxide.  They  can  be  removed 
by  filtering  with  charcoal.  Maumenes — Soak  white 
woollen  cloth  in  solution  of  chloride  of  tin  ;  when  dry, 
dip  it  in  the  fluid  to  be  tested,  and  heat  it  to  212*^  (as 
before  the  fire),  and  if  sugar  be  present,  a  shining  black 
spot  will  appear.  Starch,  however,  gives  the  same  ap- 
pearance. Fermentation  also  indicates  the  presence  of 
sugar.  Add  some  pure  yeast  to  the  fluid  in  a  test-tube 
inverted,  and  after  a  few  hours  carbonic  acid  is  evolved ; 
if  a  mercury  bath  be  used,  its  amount  in  the  top  of  tube 
aflbrds  a  rough  quantitative  estimate.  Alcohol  is  also 
formed,  and  the  microscope  shows  the  torula  cerevisiae, 
or  yeast  plant. 

Sugar  is  found  in  the  blood,  especially  that  of  the  he- 
patic vein  and  the  right  side  of  the  heart,  in  milk,  in  the 
liver  abundantly,  and  in  the  urine  in  diabetes  mellitus, 
as  will  be  noticed  hereafter,  Inosite  is  a  sugar  discovered 
by  Sclierer  in  the  muscular  tissue  of  the  lieart,  but  as  yet 
it  has  no  physiological  interest. 

The  Fats  are  the  last  unnitrogenized  group  we  shall 
describe.  They  are  composed  of  carbon,  hydrogen,  and 
oxygen  in  varying  proportions,  and  these  elements  are 
arranged  as  a  fatty  acid  and  the  base  glycerin,  or,  ac- 
cording to  some  chemists,  the  oxide  of  lipyl.  If  the 
acid  and  base  be  separated,  fat  is  not  again  formed  by 
their  mixture.  Glycerin  is  a  sweet,  limpid  fluid,  which 
is  separated  when  any  other  base  (as  oxide  of  lead  in  the 
making  of  litharge  plaster)  unites  with  the  fatty  acid. 
As  it  does  not  evaporate,  it  has  been  found  most  useful 
in  pharmacy  and  medicine.    Brain  and  yolk  of  egg  are 
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said  to  contain  it  free.    Fats  are  insoluble  in  water,  on 

which  they  float,  but  soluble  in  ether,  boiling  alcohol,  ^ 

volatile  oils ;  they  fuse  by  heat,  unless  so  great  as  to  ii 

decompose  or  inflame  them,  and  they  solidify  by  cold,  t 
becoming  crystalline.    They  render  paper  transparent, 

and  become  rancid  when  exposed  to  air  ;  volatile  acids  t 

being  formed  by  oxidation.  Their  great  heating  and  i 
lighting  power  is  due  to  their  abundance  of  carbon  and 

hydrogen  in  proportion  to  oxygen.    On  adding  an  alkali,  fi 

they  saponify,  or  form  a  soap,  which  is  therefore  a  com-  ,  t 

pound  of  the  fatty  acid  and  soda  in  hard  soap,  potash  in  I  t( 

soft  soap.    The  fat  of  bacon  and  cod  liver  oil  are  the  ^ 

only  ones  which  saponify  by  the  carbonates  of  alkali.  '  i 

The  following  are  the  fats  contained  in  the  human  a 

body : — Stearin,  a  white,  hard  mass,  soluble  in  boiling  '  i 

alcohol,  from  which  it  crystallizes  in  scales  nearly  square ;  i  t< 

it  melts  at  143°.    It  is  contained  in  very  minute  pro-  i  i 

portion,  indeed  some  analysts  deny  its  presence.    Mar-  j  s 

garin  is  softer,  and  crystallizes  in  beautiful  radiating  j  i 

needles  ;  it  melts  at  118°.    The  acid  of  margarin,  mar-  i  v 

garic  acid,  has  been  found  free  in  the  faeces,  in  pus,  and  '  « 

the  fluid  of  ovarian  dropsy.    Olein  is  fluid  to  25°,  be-  j  o 

fore  which,  however,  it  gives  up  the  margarin,  which  it  j  c 

holds  in  solution,  and  which  then  becomes  solid.    The  i  n 

mixture  of  these  bodies  which  form  human  fat  is  fluid  at  j  o 

all  temperatures  above  40°.    The  great  amount  con-  e 

tained  in  the  human  body  proves  that  it  cannot  be  de-  j  [ 

rived  from  the  fat  of  food  alone,  and  by  feeding  cows,  t  f 

bees,  &c.,  on  starch  or  sugar,  and  other  food  carefully  (  t 

deprived  of  fat,  it  was  found  to  be  produced  fi'om  these  !  £ 

aliments.  I  r 

Lipoids  are  substances  which  difier  from  fats  in  being  |  t 

non-saponifiable.  They  are  cholesterin  and  serolin.  Cho-  c 

lesterin  {C^s  H24  0)  crystallizes  in  white  rhombic  scales.  ^ 

It  is  tasteless  and  inodorous,  and  requires  a  heat  of  293°  ti 
to  fuse  it.    It  exists  sparingly  in  the  bile  dissolved  by 
choleic  acid,  and  abundantly  in  gall-stones.    It  is  found 
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in  blood,  nervous  matter,  fEEces,  and  meconium,  and  in 
the  following  products  of  disease  : — Pus,  tubercle,  many 
tumours,  especially  encysted,  hydrocele  fluid,  atheroma 
of  arteries,  and  cataract. 

Serolin,  once  regarded  as  peculiar  to  the  serum  of 
blood,  is  probably  but  a  mixture  of  ordinary  fat  and 
albumen. 

in.  We  now  have  to  consider  the  nitrogenized  sub- 
stances, which  include  most  of  the  proximate  principles, 
as  they  are  called,  rather  vaguely,  in  contradistinction 
to  the  "  secondary  organic  compounds,"  such  as  urea, 
which  are  mostly  discharged  with  the  excretions.  They 
do  not  crystallize,  which  Prout  regarded  as  characteristic, 
as  that  condition  is  produced  by  inorganic  forces.  They 
are  complex,  having  four  elements,  hence  called  quar- 
temary,  and  of  these  many  equivalents.  From  the  weak 
affinities  of  their  nitrogen,  they  yield  easily  to  decompo- 
sition, which  can  be  prevented,  as  in  the  preserving  of 
meat,  by  exclusion  of  oxygen  by  air-tight  cases,  by  salt, 
which  abstracts  water,  by  sugar,  creasote,  &c.  The  tis- 
sues which  they  make  in  the  living  body  are  always  un- 
dergoing a  destructive  oxidation,  somewhat  like  erema- 
causis,  or  slow  combustion,  a  more  active  change  being 
resisted  by  the  nitrogen  they  contain  and  by  the  conditions 
of  life.  Thus  they  may  be  called  "noble"  in  the  same 
sense  as  the  term  is  applied  to  gold.  Their  chemical 
inertness  may  depend  on  their  strong  resistance  to  dif- 
fusion. By  putrefaction,  which  is  hastened  by  the  con- 
tact of  putrid  matter,  they  evolve  carbonic  acid,  nitrogen, 
ammonia,  and  sulphuretted,  phosphuretted,  and  carbu- 
retted  hydrogen.  All  the  nitrogenized  bodies  give  an  in- 
tense red  colour  on  being  heated  with  a  solution  of  mer- 
cury in  nitric  acid.  This  is  Millon's  test.  The  fii'st  group 
are  the  albuminoids,  or  protein  bodies,  so  called  from 
their  chief  importance  by  Mulder,  who  described  them  as 
compounds  of  a  body  he  named  protein,  and  varying 
amount  of  sulphur  and  phosphorus.  He  obtained  protein 
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by  boiling  any  of  these  bodies  with  caustic  potash,  which 
removed  the  sulphur,  and  phosphonis.  He  assigned 
its  formula  as  C36  H25  N4  Oio+2  HO.  His  view  has  not 
now  many  supporters,  and  protein  is  rather  a  product  of 
decomposition  than  a  base  of  organic  bodies. 

Albumen  is  found  in  serum  of  blood,  lymph,  chyle, 
the  fluids  of  the  cavities,  and  in  pancreatic  juice  alone, 
of  the  secretions ;  also  in  the  substance  of  brain  and  sohd 
organs.    Its  most  familiar  form  is  white  of  egg.  It 
varies  much  in  these  situations  from  the  amount  of 
alkali,  salts,  or  fat  combined  with  it.    It  is  always  fluid, 
and  is  kept  so  by  an  alkali,  especially  soda,  which  forms  ; 
1-58  per  cent,  of  white  of  egg.    Pure  albumen  consists 
in  the  100  parts,  of  carbon  52*97,  hydrogen  6-81,  nitro-  ; 
gen  15-11,  oxygen  23-54,  sulphur  1-57,  phosphorus  0-4  j 
The  tests  are  its  coagulation  by  a  heat  of  160°,  or  more,  * 
according  to  the  amount  in  solution ;  nitric,  hydrochloric, 
or  sulphuric  acids  ;  the  latter  stains  albumen  a  deep  , 
purple;  also  by  bichloride  of  mercury  (hence  its  anti-  j 
dotal  powers,  as  discovered  by  Orjila,  in  poisoning  by  j 
that  salt),  ferrocyanide  of  potassium,  in  an  acid  solution,  ! 
and  some  other  reagents.    It  coagulates  in  flakes  if  the  '] 
solution  is  neutral,  as  a  milky  cloud  if  slightly  alkaline ;  | 
and  if  strongly  acid  or  alkaline,  the  solution  forms,  on 
evaporating,  a  colourless  skin  on  the  sm-face  which  was  ; 
formerly  thought  to  be  peculiar  to  casein.    Albumen  is 
remarkable  for  its  very  low  diflusive  power,  especially  in 
its  usual  alkaline  state,  and  thus  it  takes  forty-nine 
times  as  long  to  pass  through  an  animal  membrane  as 
hydrochloric  acid,  and  in  a  given  time  over  twenty  times 
as  much  chloride  of  sodium  will  diffuse.    This  property 
is  of  vast  advantage  in  retaining  the  blood  and  serous 
fluids  within  their  proper  vessels.    Albumen  has  been 
at  one  time  considered  allied  to  the  acids,  at  another  to 
the  bases,  and  thus  its  precipitation  has  been  accounted 
for  ;  but  this  occurrence  is  due  undoubtedly  to  the  acid 
or  salt  added  being  a  crystalloid,  and  thus,  being  more 
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soluble,  it  displaces  the  albumen.  Its  chemical  inertness 
is  one  of  its  most  useful  physiological  properties. 

Fibrin  is  found  in  blood,  lymph,  chyle,  and  in  many 
products  of  disease,  as  dropsical  effusions,  tubercle,  and 
false  membrane.  It  is  known  readily  by  its  spontane- 
ously becoming  solid  when  it  is  found  to  be  fibrillated,  or 
arranged  in  interlacing  threads.  The  membrana  puta- 
minis  from  the  egg-shell  exhibits  this  microscopic  appear- 
ance best.  When  gelatin  is  precipitated  by  metaphos- 
phoric  acid,  a  substance  exactly  like  fibrin  results.  In 
weak  solutions,  as  hydrocele  fluid,  it  does  not  separate 
spontaneously,  but  will  do  so  when  a  piece  of  solidified 
fibrin  is  placed  in  the  fluid.  It  may  be  obtained  by 
whipping  blood,  washing  the  clot,  or  by  filtering  frog's 
blood,  as  the  cells,  being  large,  are  held  back. — [Midler.) 
Fibrin  may  be  distinguished  from  albumen  by  not  dis- 
solving, but  swelUng  and  becoming  transparent  and  jelly- 
like when  digested  in  water  containing  a  little  hydro- 
chloric acid,  by  dissolving  in  a  weak  solution  of  nitre,  by 
decomposing  the  deutoxide  of  hydrogen,  and  by  more 
rapidly  putrifying.  Its  composition  is  not  exactly  known, 
but  it  is  said  to  contain  more  oxygen  than  albumen, 
from  which  it  is  produced  by  oxidation.  Whether  it  is 
a  material  for  the  formation  of  tissue,  or  a  product  of 
their  destruction,  as  also  the  efiect  of  ammonia  in  keep- 
ing it  fluid,  will  be  noticed  in  the  chapter  on  "  Blood." 

Syntonin,  or  muscle-fibrin,  was  shown  by  Liebig  to  be 
different  from  blood-fibrin,  for  it  does  not  dissolve  in 
solution  of  nitre,  but  does  so  in  that  of  hydrochloric 
acid.  From  albumen  it  difiers  in  being  precipitated  from 
an  alkaline  solution,  by  common  salt.  It  is  found  in 
voluntary  and  involuntary  fibres,  and  in  muscle  cells,  as 
those  of  the  spleen  and  arteries. 

Casein  occurs  in  milk,  fluid  of  thymus  and  allantois, 
yolk  of  egg,  and  in  the  blood,  especially  of  suckling  wo- 
men. It  difiers  from  albumen  in  not  being  coagulable 
by  heat,  when,  however,  it  forms  a  tough  skin  on  the 
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surface  of  the  fluid  if  freely  exposed  to  oxygen,  while  the 
weaker  acids  (acetic,  lactic,  &c.)  and  rennet  precipitate 
it. 

Globulin  from  the  blood  cells,  and  crystallin  from  the 
lens,  differ  but  slightly  from  other  protein  bodies. 

Salivin,  pepsin,  pancreatin,  and  other  animal  ferments, 
are  supposed  to  be  modifications  of  albumen,  probably 
undergoing  decomposition.  They  will  be  noticed  here- 
after. 

Pyin,  obtained  by  Guterhock  from  pus,  is  according  to 
Mulder,  a  tritoxide  of  protein. 

Gluten  is  abundant  in  the  food  of  man  derived  from 
the  cereal  grains.  It  was  discovered  by  Beccaria,  who, 
from  its  ready  putrefaction,  its  odour  when  undergoing 
that  process,  and  its  importance  in  food,  regarded  it  as 
identical  with  albumen.  It  may  be  obtained  by  washing 
the  starch  out  of  dough,  when  it  remains  as  a  tough, 
elastic  mass. 

Legumin  is  another  protein  body  contained  in  peas, 
beans,  &c.  It  has  the  greatest  proportion  of  phosphate 
and  is  most  analogous  to  casein.  From  peas  the  Chinese 
make  a  food,  taofoo,  hardly  distinguishable  from  cheese. 
The  nitrogenized  substances  which  follow  are  supposed 
to  be  derived  from  the  protein  bodies  by  some  change, 
probably  regressive. 

Gelatin  is  obtained  by  boiling  bones  (ossein),  carti- 
lages, (chondrin),  skin,  fibrous  tissue,  and  other  struc- 
tures whose  use  is  mechanical,  as  the  passive  organs  of 
locomotion.  Isinglass,  from  the  swimming-bladder  of 
fish,  is  the  purest  example.  It  is  soluble  in  boiling 
water,  and  "  sets"  into  a  jelly  on  cooling,  if  it  be  in  pro- 
portion of  1  per  cent.  This  jelly,  when  heated,  becomes 
fluid,  and  sets  again,  but  this  cannot  be  repeated  more 
than  four  or  five  times.  Tannic  acid,  alcohol,  bichloride 
of  mercury,  &c.,  precipitate  gelatin.  Chondiin,  or  that 
from  cartilage,  is  thrown  down  in  addition  by  hydro- 
chloric and  acetic  acids,  by  acetate  of  lead,  alum,  and 


NITROGENIZED  CONSTITUENTS. 


49 


sulphate  of  iron.  The  tissues  of  old  animals  give  a 
firmer  jelly  than  those  of  young  ones,  as  they  contain 
less  water  chemically  combined. 

Elasticin,  or  the  matter  of  yellow,  fibrous  tissue,  is 
remarkably  insoluble.  Boiling  for  thirty  hours  at  a  tem- 
peratm-e  of  320°  (as  in  Pcqjins'  digester),  produces  a 
brown  solution,  which  does  not  set  on  cooling.  The 
matter  of  the  elastic  layers  of  cornea,  capsule  of  lens, 
and  other  transparent  membranes,  including  probably 
cellulose,  have  similar  properties. 

Keratin  occurs  in  hair,  nails,  hoofs,  whalebone,  &c., 
and  is  said  to  contain  6  or  8  per  cent,  of  sulphur.  It 
dissolves  in  alkalies  and  mineral  acids.  Dried  mucus 
contains  a  similar  body,  mucin.  The  last  group  are  the 
colouring  matters. 

HaBmatin  (C44  H22  N3  Oe  Fe.,  Mulder)  is  the  red  pig- 
.mentofthe  blood.  It  dissolves  in  alcohol,  containing 
hydrochloric  acid,  or  alkaline  solutions,  which  brighten 
its  colour.  It  absorbs  oxygen,  becoming  a  brighter  red, 
and  evolves  carbonic  acid.  The  matter  containing  iron 
which  the  spleen  yields,  and  hfematoidin  from  old  extra- 
vasions,  are  modifications  of  hsematin. 

Biliphaein,  or  bile-pigment,  is  brown,  but  changes  by 
oxidation  to  green.  It  is  abundant  in  biliary  calculi,  and 
in  jaundice,  in  urine,  blood,  the  fluids  of  eye,  and  some- 
!  times  in  saliva  and  sweat.  It  is  probably  formed  from 
I  blood  pigment,  as  bilifulvin,  a  variety  of  bile  pigment,  is 
identical  with  haematoidin.  The  green  matter  discharged 
when  the  liver  is  excited  by  mercurials  is  similar  to 
hsematin,  and  the  efiect  of  this  medicine  in  destroying 
the  colour  of  blood  is  well  known. 

TJrophaein,  or  urine  pigment,  is  little  known.  Hark;/ 
I  finds  it  always  contains  iron,  and  believes  it  to  be  altered 
hsematin.  The  difference  of  tint  will  not  be  objected  when 
one  remembers  the  change  of  colour  blood  undergoes  in 
being  absorbed  from  a  bruise. 

Melanin,  or  the  colouring  matter  of  hair,  choroid,  skin, 
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and  some  morbid  products,  is  another  nitrogenized  sub- 
stance. Indican,  a  blue  precipitate,  identical  witb  indigo, 
has  been  found  in  the  urine,  especially  in  Bright's 
disease,  and  in  pus. 

There  are  other  substances  in  animal  chemistry  inde- 
finately  termed  "  extractive  matter,"  alcoholic  or  aqueous, 
according  to  the  solvent.  Among  those  hereafter  will 
probably  be  discovered  many  bodies  of  interest. 

QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  Enumerate  those  elements  wliich  compose  the  human  body 
and  their  symbols. 

2.  What  chemical  uses  does  water  fulfil  in  man's  body  ? 

3.  Say  what  you  know  regarding  the  physiological  chemistry 
of  common  salt. 

4.  Explain  the  change  which  starch  undergoes  when  ingested. 

5.  State  the  composition  of  the  fats. 

6.  Enumerate  the  so-called  protein  compounds,  and  the  situa- 
tions in  which  each  occm's. 

7.  What  substances  analogous  to  fibrin  and  casein  can  be  ob- 
tained from  the  vegetable  kingdom  ? 

8.  What  are  the  properties  of  gelatin  ? 

SENIOR. 

1.  What  arrangements  of  the  chemical  constituents  of  the 
human  body  have  been  made  ? 

2.  What  tissues  contain  phosphate  of  lime  in  greatest  abun- 
dance, and  how  is  it  conveyed  to  them  ? 

3.  Under  what  circumstances  have  accidental  elements  been 
found  in  the  human  system  ? 

4.  Enumerate  the  varieties  of  sugar  found  in  the  human  body, 
and  the  tests  of  their  presence. 

5.  Give  the  characteristics  of  the  albuminoids. 

6.  State  the  differences,  physical  and  chemical,  between  albu- 
men and  fibrin. 

7.  Contrast  the  chemical  features  of  white  and  yellow  fibrous 
tissues. 

8.  What  chemical  components  of  the  human  body  contain  iron 
most  abundantly  ? 


POOD. 


51 


DIGESTION. 

Evert  vital  action  is  attended  with  destruction  of  tis- 
sue, the  materials  of  which  are  then  excreted.  Now, 
this  loss  is  made  good  by  food,  which  is  prepared  by  the 
process,  or  rather  series  of  processes,  we  call  digestion. 

Food. — The  amount  of  matter  which  is  constantly 
changing  in.  the  human  body  is  enormous,  as  may  be 
learned  from  the  fact  that  about  SOOtti  of  solid  food, 
l,5001t)  of  fluids,  and  about  SOOtbof  oxygen,  which  is 
gaseous  food,  are  annually  ingested.  The  total,  over 
8,000  lb,  or  about  a  ton  and  a-half,  exceeds  the  weight 
of  the  body  twenty  times,  and  we  surmise  from  this  that 
the  whole  system  is  renewed  in  considerably  less  than 
seven  years,  the  period  assigned  by  the  older  physiolo- 
gists. Before  describing  the  nature  of  animal  food,  it 
may  be  stated  that  it  is  all  produced  originally  by  plants, 
which  elaborate  their  tissues  from  inorganic  matter. 
The  functions  of  those  two  classes  of  organic  beings  are 
well  contrasted  in  the  following  table  arranged  after  Prof. 
Galloivay : 

AN  ANIMAL 

IS 

AN  APPARATUS  OF  OXIDATION  ; 

Possesses  the  faculty  of  locomo- 
tion ; 
Absorbs  oxygen; 
Evolves  heat  and  electricity ; 
Produces  carbonic  acid, 
„    „  water, 
„    „    ammonia ; 
Consumes  organic  substances ; 
Transforms  organic  matters  into 

inorganic  matters ; 
Restores  its  elements  to  the 
earth  and  air. 

From  the  soil,  then,  through  plants  and  animals,  there 
is  always  occurring  a  circulation  of  matter.  Animals 


A  VEGETABLE 
IS 

AN  appara:?us  of  reduction; 
Is  fixed ; 

Evolves  oxygen ; 

Absorbs  heat  and  electricity 

Decomposes  carbonic  acid, 

„     ,,  water, 

),     „     ammonia ; 
Produces  organic  substances ; 
Transforms  inorganic  matters 

into  organic  matters ; 
Derives  its  elements  from  the 
earth  and  air. 
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therefore  derive  their  food  either  from  the  vegetable  or 
animal  kingdoms,  or  from  both,  and  are  thus  divisible 
into  herbivorous,  carnivorous,  and  omnivorous,  or  more 
correctly  amphivorous,  to  which  latter  class,  as  we  shall 
find,  man  belongs.  Domestication,  has  however,  the 
efiect  of  changing  the  food  of  animals ;  for  instance,  the 
cat  can  be  altered  from  a  carnivorous  creatm'e  to  one 
living  wholly  on  vegetable  food,  the  substitution  being 
attended  vdth  remarkable  change  of  habit,  the  fierce 
tiger-like  wild-cat  becoming  our  harmless  fireside  com- 
panion. On  the  other  hand,  however,  herbivorous  ani- 
mals can  be  seldom  brought  to  eat  flesh. 

Prout  divided  food  into  fom-  groups — aqueous,  saccha- 
rine, oleaginous,  and  albuminous.  The  first,  with  some 
other  substances,  belongs  to  the  inorganic  kingdom,  the 
others  to  the  animal  or  vegetable.  The  second  and  third 
groups  are  usually  placed  together  as  nonnitrogenous, 
respiratory,  or  calorific  food,  and  the  last  is  termed  nitro- 
genized,  plastic,  or  histogenetic.  We  shall,  for  conve- 
nience, adopt  their  division  by  Liebig,  into  respiratory 
and  plastic — premising  that  all  the  pabulum  for  respira- 
tion and  animal  heat  is  not  afforded  by  the  food  just  in- 
gested, a  considerable  portion  being  produced  by  the  com- 
bustive  destruction  of  tissues.  In  describing  these  groups 
of  food,  we  must  refer  for  chemical  details  to  the  last 
chapter. 

I.  Respiratory  Food  includes  starch,  sugar,  the  pec- 
tine  bodies,  fats,  alcohol,  and  the  aliments  which  contain 
them.  Starch,  as  such,  cannot  be  assimilated,  but  is 
changed  into  sugar  mainly  by  saUva.  Sugar  may  be 
still  further  changed  into  fat.  It  is  thus  that  Negroes 
become  so  fat  during  the  sugar  season,  when  they  con- 
sume it  plentifully.  The  same  race  disproves  the  popu- 
lar error  that  sugar  injures  the  teeth,  for  theirs  are 
remarkably  white  and  sound ;  indeed,  by  producing  lactic 
acid,  it  would  cleanse  the  teeth,  removing  tartar,  which 
is  mainly  composed  of  phosphate  of  lime.  Moreover 


RESPIRATOKT  FOOD. 


53 


To7nes  found  that  teeth  were  not  acted  on  by  prolonged 
maceration  in  solutions  of  sugar. 

Fats  are  plentifully  partaken  of  by  man,  the  more  so 
the  colder  the  cHmate  is ;  and  every  one  has  heard  of 
the  appetite  of  the  northern  races  for  oily  food.  Sir  John 
Franklin  relates  that  he  tried  how  much  fat  an  Esqui- 
maux boy  could  consume ;  after  devouring  141t>  of  tallow 
candles,  he  finished  with  a  piece  of  fat  pork,  with  which 
Sir  John  closed  the  experiment,  feeling  apprehensive  for 
his  store.  Even  children  of  five  or  six  months  old,  in- 
fluenced by  hereditarily  transmitted  habit  or  imitation, 
will  devour  blubber  with  avidity,  as  witnessed  during  his 
residence  in  Greenland,  by  the  late  Sir  Charles  Giesecke, 
Professor  of  Mineralogy  in  the  Dublin  Society.  The 
rarity  of  phthisis  in  these  climes  may  be  due  to  this 
pecuHarity  in  diet.  The  percentage  of  fat  in  some  foods 
is  very  great,  in  others  small — thus,  pork,  80  to  50 ; 
mutton,  40;  beef,  80;  cheese,  25;  veal,  16;  herring, 
6;  goat's  milk,  5*0;  cow's  milk,  8-5  ;  human  milk,  8; 
sole,  0-25. 

Alcohol  in  some  form  enters  into  the  diet  of  nearly  all 
nations.  Eice  (arrack),  milk  (kumiss),  honey  (mead), 
juniper  berries  (gin),  grapes  (wine),  cereal  grains  (whis- 
key, beers),  are  some  of  the  substances  which  are  used 
to  obtain  it  by  fermentation.  Its  formula  is  C4  He  O2. 
Being  so  rich  in  carbon,  it  would  appear  to  be  suited  for 
a  heat-giving  food,  a  view  supported  by  Liebig,  Moles- 
chott,  and  other  chemists,  for  the  following  reasons : — It 
is  easily  oxidised  out  of  the  body ;  those  who  use  it  take 
little  other  calorific  food ;  and  it  is  not  rapidly  or  freely 
thrown  off"  by  pulmonary  or  cutaneous  surfaces.  If  such 
views  be  correct,  it  economises  the  tissues,  for  after  its 
mgestion  less  carbonic  acid  is  evolved,  and  hunger  does 
not  return  so  soon,  a  fact  which  travellers  are  aware  of. 
It  quickens  the  circulation,  which  may  account  for  its 
difi*using  warmth,  and  excites  the  brain,  so  that  no  prac- 
tical physician  neglects  to  avail  himself  of  its  stimulant 
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powers.  The  most  instructive  experiments  are  those  of 
Dr.  Hammond,  Surgeon- General  of  the  United  States 
army,  who  shows  that  it  produces  a  daily  gain  of  weight, 
being  therefore  a  useful  substitute  for  deficient  food  ;  but 
being  injurious  if  food  be  abundant,  and  the  excess 
not  got  rid  of  by  increased  exercise,  &c.  He  concludes 
"that  alcohol  increases  the  weight  of  the  body  by  re- 
tarding the  metamorphosis  of  the  old  and  promoting  the 
formation  of  the  new  tissues,  and  limiting  the  consump- 
tion of  fat." 

Those  who  object  to  its  use,  such  as  Carpenter,  argue — 
1.  That  it  precipitates,  and  does  not,  like  water,  dissolve 
aliments  and  animal  juices ;  but  free  dilution  and  per- 
haps partly  the  condition  of  albumen,  as  peptone,  obviate 
this.  2.  That,  as  many  do  not  use  it,  it  cannot  be 
necessary.  3.  That  as  a  heat-giving  agent,  it  is  inferior 
to  fat;  some  chemists  and  arctic  voyagers  assert  this. 
4.  It  cannot  form  azotised  tissues  or  fat.  5.  If  it  stimu- 
lates, an  equal  re-action  occurs,  so  that  nothing  is  gained. 
It  acts  as  a  poison  in  large  doses,  and  in  habitual  small 
ones  injures  the  nervous  system,  and  produces,  by  a  fer- 
mentible  state  of  blood,  liability  to  zymotic  diseases,  and 
other  efiects  of  chronic  alcoholism.  It  is  absorbed  from 
the  stomach,  through  the  veins  passes  to  the  liver,  which 
it  often  inflames ;  and  it  has  been  destilled  as  an  inflam- 
mable fluid  from  the  brain.  Ecker  states  that  it  is  by 
considerably  delaying  the  cerebral  circulation  it  produces 
its  intoxicating  efiects.  Thein,  the  active  principle  of 
tea,  cofiee,  &c.,  has  physiological  efiects  somewhat  similar 
to  alcohol,  being  also  an  arrester  of  metamorphosis.  It 
is  stated  to  be  the  most  highly  nitrogenized  of  vegetable 
substances  by  Sir  R.  Kane  (who  assigns  to  it  the  formula 
Gs  H5  N2  O2  +Aq) ;  yet  it  is  rapidly  excreted  as  tu'ea 
without  fulfilling  any  plastic  ofiice. 

II.  The  Plastic  Group  includes  the  albuminoids  we 
obtain  from  the  animal  and  vegetable  kingdoms.  From 
the  similarity  of  flesh  used  as  food  to  that  of  the  living 
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body,  it  is  readily  assimilated,  and  thus  the  more  carni- 
vorous the  animal,  the  shorter  and  more  simple  is  the 
alimentary  canal.  The  relative  amount  of  nitrogen  in 
various  foods,  which  shows,  though  not  exactly,  their 
relative  nutritive  power,  is  given  in  the  following  table, 
milk  being  taken  as  a  standard  of  100  : 


The  heat-giving  value  of  these  aliments  is  nearly  the 
reverse  of  their  flesh-forming.  Liebig  calculates  that  if 
100  parts  of  fat  produce  a  certain  amount  of  heat,  it 
will  take  240  of  starch,  249  cane-sugar,  263  grape-sugar, 
and  266  of  alcohol  (50  per  cent.)  to  produce  an  equal 
amount.  The  ultimate  composition  of  blood  and  flesh 
is  identical ;  hence  it  is  to  be  regretted  that  so  much  food 
is  lost  in  the  killing  of  butcher's  meat,  the  blood  not 
being  preserved ;  and  meat  of  a  most  superior  character 
was  obtained  by  Dr.  Carson's  plan  of  killing  animals 
without  loss  of  blood.  Flesh  from  which  the  alkaline 
blood  is  wholly  extracted,  for  instance  bled  veal,  is  very 
unwholesome,  as  the  acids  in  the  muscle  then  preponde- 
rate and  is  most  likely  to  produce  scurvy.  I  have  treated 
fully  of  this  subject  in  my  "  Papers  on  Public  Health," 
and  have  suggested  some  other  modes  of  slaughtering. 
Vegetarianism  is  abundantly  refuted  by  the  truths  of 
anatomy  and  physiology ;  man's  teeth,  digestive  organs, 
and  his  habits  and  circumstances  in  various  climates, 
clearly  showing  the  necessity  for  a  mixed  diet.  Many 
experiments  since  the  time  of  Haller  (despite  the  exam- 
ple of  Shelley  and  Eausseau,  whose  main  argument  was 


Kice   81 

Potatoes   84 

Oats  ..•   138 

White  bread  ...  142 
Brown  bread  .. .  166 

Peas   239 

Beans   320 


Cow's  milk  ....  237 
Yolk  of  egg....  305 

Salmon   610 

Flounder    954 

Pigeon    827 

Mutton   852 

Beef   942 
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that  both  the  human  species  and  herbivora  had  two 
breasts)  have  proved  the  folly  of  a  purely  vegetable  diet. 
Among  the  cases  of  complete  aversion  to  animal  food 
may  be  mentioned  that  of  the  Abbe  de  Villedieu,  who  is 
said  to  have  died  in  consequence  of  having  taken  some 
for  the  first  time  when  30  years  of  age.  Besides  the 
animals  we  slaughter,  horse-flesh  and  ass-flesh  are  now 
extensively  used  on  the  Continent,  and  Prof.  Owen  has 
recommended  the  introduction  of  the  eland. 

The  processes  of  cooking  effect  many  changes  on 
flesh  ;  that  of  roasting  is  the  least  injurious,  as  the 
sudden  heat  coagulates  the  surface  of  the  meat,  and 
produces  a  crust  which  retains  the  juices  of  the  flesh. 
It  also  converts  the  fibrous  tissue  into  gelatin,  and 
bui'sts  the  fat  cells.  In  boiling  meat,  Liebig  advises 
that  it  should  be  put  at  once  in  boiling  water,  to  form  a 
similar  coagulated  crust,  the  meat  within  then  closely 
resembling  that  roasted.  If  our  object  be  to  make  soup, 
the  reverse  plan  must  be  adopted — viz.,  putting  the  meat 
in  cold  water,  and  then  slowly  raising  the  temperatm'e. 
The  strongest  extract  of  beef,  or  "  liquor  carnis,"  is 
obtained  by  dividing  lean  meat  very  minutely,  adding 
but  enough  of  water  to  moisten  the  meat,  and  heating 
by  water  placed  outside  the  vessel  containing  it.  A  still 
better  soup  may  be  obtained  by  adding  about  12  di'ops 
of  hydrochloric  acid,  and  about  40  grains  of  common 
salt,  to  the  pound  of  chopped  meat,  and  digesting  in 
about  pints  of  cold  water.  It  must  be  taken  cold,  or 
never  heated  above  120°,  and  there  is  thus  introduced 
a  solution  of  uncoagulated  albumen.  The  uselessness  of 
soups,  as  ordinarily  prepared,  should  be  made  known, 
as  much  error  prevails.  They  ai-e  mostly  solutions  of 
gelatin,  which  substance  the  French  and  Dutch  "Gelatin 
Commissions"  proved  has  no  plastic  and  little  respiratory 
value,  and  is  cast  off  in  very  considerable  quantity  in  the 
urine.  By  boiling  meats,  much  salts  are  abstracted,  and 
should  be  restored  by  the  use  of  vegetables.    Their  use 
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lessens  the  phosphates  and  increases  the  carbonates  in 
the  blood— hence  their  influence,  as  every  physician 
knows,  in  calculous  diseases.  They  are  especially  neces- 
sary with  salted  meat,  as  the  potash  has  been  thereby 
extracted.  That  flesh  should  be  untainted  is  shown  by 
the  fearful  mortality  among  the  Faroese  (who  eat  decom- 
posed food)  when  they  are  attacked  by  measles  or  other 
zymotic  diseases,  and  by  the  poisonous  nature  of  putrid 
sausages. 

The  necessity  for  a  Mixed  Diet,  combining  the  nitro- 
genized  and  unnitrogenized  groups,  might  be  premised 
from  the  complex  nature  of  the  animal  body,  and  is 
shown  by  many  diseases  being  produced  by  the  want  of 
any  element  of  food,  and  by  the  well-known  experiments 
of  Magenclie,  who  fed  dogs  on  sugar,  starch,  gum,  fat, 
&c.,  and  found  they  died  in  about  31  days — indeed 
almost  as  soon  as  if  wholly  starved.     The  first  part 
which  sloughed  was  the  cornea,  as  it  was  the  least  vas- 
cular, yet  contained  much  nitrogen  which  the  food  could 
not  supply.    Yery  similar  effects  were  produced  in  the 
case  oiDr.  Stark,  who  abstained  entirely  for  four  months, 
from  nitrogenized  food.    He  was  attacked  by  emaciation 
and  diarrhoea,  and  sank  a  victim  to  his  mis-directed 
physiological  zeal.    Dr.  Budcl  informs  us  the  Hindus, 
who  feed  almost  entirely  on  rice,  are  often  attacked  with 
sloughing  of  the  cornea.   Many  foods  are  presented  to  us 
by  nature,  or  produced  by  an  art  so  universal  as  to  be 
almost  natural,  in  which  the  various  elements  of  food 
are  duly  combined.    The  egg,  milk,  and  bread,  are  such 
perfect  alimentary  types.    In  the  egg,  the  yolk  contain- 
ing much  fat  represents  the  respiratory  class  ;  the  white 
is  the  type  of  all  plastic  food,  while  water  and  salts  are 
also  present  in  due  proportion.    Of  milk,  and  the  fat, 
sugar,  casein,  water,  and  salts,  contained  in  it,  we  shall 
speak  hereafter,  and  it  will  be  seen  that  the  heat-giving 
material  exceeds,  as  young  animals  require  and  pro- 
duce abundant  warmth. 
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In  Bread,  so  justly  termed  "the  staff  of  life,"  are 
combined  starch,  gluten,  water,  and  salts,  the  oleaginous 
alone,  of  all  the  constituents  of  food,  being  absent,  but 
readily  supplied  by  the  addition  of  butter.  Bread  is  of 
two  kinds — 1.  Vesiculated  or  spongy,  which  is  superior, 
mainly  by  exposing  a  greater  surface  for  the  action  of  the 
saliva;  and,  2.  Unvesiculated  or  solid,  as  in  the  form 
of  biscuit,  pudding,  and  the  unleavened  bread  of  Scrip- 
ture. Vesiculated  bread  is  either  fermented  or  aerated. 
The  former,  which  has  been  the  staple  food  of  nearly 
all  the  world  for  centuries,  is  made  by  mixing  the  flour 
with  some  ferment  or  catalytic,  such  as  yeast,  a  sub- 
stance containing  gluten,  obtained  in  brewing.  The 
gluten  and  starch  are  both  acted  on,  some  of  the  latter 
being  converted  into  sugar,  and  further  into  carbonic 
acid  gas,  which  makes  the  bread  light  and  spongy,  and 
alcohol.  The  quantity  of  alcohol  produced  by  panous 
fermentation  is  very  inconsiderable,  yet  a  bread-making 
company  was  started  in  London,  which  proposed  to 
collect  it.  How  unpopular  this  became  was  shown  by 
the  announcement  in  many  shop  windows  of  "Bread 
sold  here  with  the  gin  in  it."  The  bread  was  dry  and 
tasteless,  and  the  project  failed.  Lime  water  has  been 
proposed  by  Liebig  in  bread-making,  as  it  presei*ves  the 
tenacity  of  the  gluten.  It  has  been  stated  untruly  that  a 
large  proportion  of  the  starch  is  wasted  in  making  bread 
by  fermentation. 

Aerated  bread  is  made  by  forcing  cai'bonic  acid  into 
it,  either  by  mixing  carbonate  of  soda  with  the  flour, 
and  wetting  this  with  water  containing  hydrochloric 
acid ;  carbonic  acid  is  thus  evolved,  and  common  salt 
retained  in  the  bread — or  by  Dr.  DauglisJis  process, 
which  is  as  follows :  the  flour  is  wetted  by  water  satu- 
rated with  carbonic  acid  in  the  same  way  as  soda-water  ; 
the  dough  thus  made  is  moulded  in  tin  cases,  and  the 
carbonic  acid,  driven  off  by  heat,  renders  the  bread 
spongy.   The  whole  process  is  conducted  by  steam,  and 
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is  completed  in  twenty  minutes.  Besides  ensuring 
greater  cleanliness,  the  making  of  bread  by  machinery 
saves  time,  and  tends  to  improve  the  sanitary  and  moral 
conditions  of  the  bakers,  a  subject  which  has  attracted 
much  attention  lately.  Brown  bread  has  been  long  con- 
sidered "wholesome,"  the  bran  containing  gluten  and 
a  ferment  which  converts  starch  into  sugar,  the  bread 
being  thus  more  rapidly  digestible.  The  insoluble  mat- 
ters stimulate  the  bowels  and  prevent  constipation. 
Stale  differs  from  fresh  bread  more  in  the  arrangement 
of  its  molecules  than  in  the  amount  of  water,  for  bread 
loses  but  T^  jy  of  its  water  in  five  days  ;  it  will  get  stale 
in  moist  ak,  and  become  fresh  again  by  being  placed  in 
the  oven,  where  water  must  be  driven  oflf. 

The  principles  of  Dietetics  may  point  out  approxi- 
mately the  proper  quantity  of  food,  but  no  exact  stan- 
dard can  be  fixed,  individuals  varying  so  much  under 
the  influence  of  habit,  climate,  labour,  &c.  The  follow- 
ing is  the  diet  scale  of  the  British  navy:  "  There  shall 
be  allowed  to  every  person  the  following  quantities  of 
provisions  :  bread  lit),  beer  1  gallon,  cocoa  1  oz.,  sugar 
l|-oz.,  fi-esh  meat  lib,  vegetables  ^th,  tea  Joz.  When 
fresh  meat  and  vegetables  are  not  issued,  there  shall  be 
allowed,  in  lieu  thereof,  salt  beef  fit),  and  flour  fife, 
alternately  with  salt  pork  fft,  and  pease  i;  pint,  and 
t  weekly,  whether  fresh  or  salt  meat  be  issued,  oatmeal  i 
i  pint,  vinegar  i  pint."  The  following  dietaries  are  given 
(on  the  authority  of  Plcajfair)  in  ounces  per  week  : 

Tntnl    Nitroge-      Unnitro-      „   ,       ...  , 
nous.         genous.       Carbon.  Mineral. 

1  English  soldier...  378    36-15  127-18  71-68  4-92 

j  French  soldier  ...  347    32-24  127-76  85-25  4-62 

1  English  prisoner,  206^  15-28  111-85  59-28  3-46 

j  Bombay  prisoner,  182    28-00  101-50  68-81  2-03 

The  following  are  the  articles  of  the  diet-table  of  the 
military  hospitals  :     .  . 
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LOW. 

HALF. 

ENTIRE. 

Meat,  . 

8  oz. 

Meat,    .    8  oz. 

Meat, 

12  oz. 

Bread, 

14  „ 

Bread,   .  16  ,, 

Bread, 

16 

Salt,  . 

1 

2  >> 

Potatoes,    8  ,, 

Potatoes, . 

16 

Tea,  . 

i  „ 

Barley,  .  li 

Barley,  . 

n 

Sugar,. 

Salt,      .     f  „ 

Salt, 

3 
4 

Milk,  . 

6  „ 

Tea,      .      i  )j 

Tea, 

i 

Butter, 

1  „ 

Sugar,  .    1^  ,, 

Sugar, 

H 

Eice,  . 

2    „  ' 

Milk,     .    6  „ 

Milk, 

6 

J, 

Milk,  . 

ipint 

g.  Vegetables,  4  ,, 

Vegetables, 

4 

Sugar, 

i  oz. 

5^  Butter,  .    1  ,, 

Butter, 

1 

Egg,  . 

1    »  J 

Flour,    ..      J  ,, 

Flour, 

i 

J, 

As  dietetic  extremes,  may  be  mentioned  the  Esqui- 
maux, one  of  whom,  Captain  Parry  states,  consumed 
35  tb  of  solid  food  in  24  hours  ;  and  Cornaro,  who  sub- 
sisted for  58  years  on  12  oz.  of  food,  and  14  oz.  of  light 
wine  daily.  Nature's  promptings,  if  attended  to,  afltbrd 
the  surest  guide,  the  more  so  if  repletion  be  prevented 
by  allowing  due  periods  for  the  acts  of  mastication  and 
other  preparatory  processes — when  the  system  has  time 
to  intimate,  by  the  feeling  of  satiety,  that  its  wants  have 
been  supplied. 

The  time  of  meals  must  vary  much  with  habit  and 
ranks  of  life,  but  at  least  sufficient  interval  should 
elapse  between  each  meal  to  allow  stomachic  digestion, 
and  the  processes  which  follow  it,  due  time.  In  chil- 
dren, waste  and  repair  of  tissue  is  more  rapid,  and  the 
intervals  between  meals  should  be  shorter.  It  has  been 
calculated,  that  while  an  adult  consumes  daily  43^  grs. 
of  carbon  and  If  grs.  of  nitrogen  for  every  ft  of  his 
weight,  an  infant  requires  136  of  carbon  and  lOf  of 
nitrogen.  In  them,  also,  the  appearance  of  each  class 
of  teeth  suggests  a  change  of  food — thus,  flesh  may  be 
given  when  their  canine  teeth  are  developed. 

Before  describing  the  processes  to  which  food  is  sub- 
jected, we  will  briefly  discuss  the  symptoms  which  indi- 
cate that  it  is  required — namely,  hunger  and  thirst. 
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Hunger  is  a  feeling,  varying  in  degree  from  the  agree- 
able promptings  we  call  "appetite,"  to  the  horrors  of 
"  starvation."  It  becomes  an  important  social  question, 
when  it  is  remembered  that  it  may  be  regarded  as  a 
great  stimulus  to  human  labour,  or  a  powerful  incentive 
to  crime.  Its  dependence  on  the  waste  of  tissue  is 
shown  by  its  greater  force  and  more  rapid  recurrence  in 
young  animals,  and  those  who  consume  much  oxygen, 
than  in  the  cold-blooded  and  hybernating  classes.  The 
proximate  cause  of  hunger  would  seem  to  be  some  influ- 
ence on  the  branches  of  the  pneumogastric  nerves,  for 
Bracket,  after  letting  a  dog  become  ravenously  hungry, 
divided  these  nerves,  and  the  animal  lost  all  desire  for 
food.  This  experiment,  however,  in  the  hands  of  Reid, 
yielded  somewhat  different  results.  Narcotics,  also,  de- 
stroy appetite,  by  acting  on  the  nervous  system.  Beau- 
mont believed  that  it  was  produced  by  gastric  juice  being 
retained  in  the  follicles,  and  pressing  against  the  nerve - 
filaments.  However,  that  fluid  is  not  secreted  during 
fasting,  and  the  first  portion  of  food  would  empty  the 
follicles,  yet  does  not  appease  hunger.  Others  regard  it 
due  to  the  scanty  supply  of  blood  the  organ  receives 
during  fasting.  The  feeling  is  sometimes  subjective  or 
dependent  on  conditions  of  the  nervous  system  itself ; 
and,  again,  the  effect  of  the  depressing  passions  on  it  is 
well  known.  Although  mainly  a  systemic  indication, 
mechanical  distention  of  the  stomach  will  relieve  hunger, 
as  by  the  introduction  of  clay,  which  many  races  are  said 
to  resort  to.  Want  of  food  is  then  indicated  by  a  sink- 
ing sensation  about  the  gastric  region,  general  faintness, 
and  the  secretion  of  gas.  If  such  promptings  are  not  at- 
tended to,  the  prostration  increases,  the  lymphatics  ab- 
sorb greedily,  the  individual  feeding  on  himself,  the 
voice  becomes  feeble,  the  eye  sunken,  yet  terribly  bril- 
liant and  wild,  and  the  agonies  of  starvation  are  estab- 
lished ;  animal  heat  falls  rapidly,  delirium  occurs,  and 
death  takes  place  about  the  fifth  or  sixth  day,  or  as  soon 
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as  tRe  loss  of  weight  amounts  to  two-fifths.  Life  will  be 
sustained  much  longer  under  the  influence  of  syncope, 
hysteria,  hallucination,  and  other  nervous  diseases. — 
Instances  of  prolonged  fasting  are  much  exaggerated,  and 
are  generally  cases  of  imposture,  having  deceived,  how- 
ever, such  careful  observers  as  Berard,  Burdach,  &c. 
Shane  relates  that  a  man  was  rescued  alive  from  a  coal- 
mine after  being  confined  23  days,  during  which  he  took 
nothing  but  some  foul  water  for  the  fii-st  10  days.  It  is 
stated  that  the  stomach  is  unable  to  digest,  and  that 
loathing  for  food  occurs  some  days  before  death. 

The  well-known  experiments  of  Chossat  on  starvation 
prove  that  the  tissues  waste  in  the  following  order,  and 
most  rapidly  as  death  approaches  :  the  adipose,  muscu- 
lar, osseous,  and  nervous.  The  slowness  with  which  the 
nervous  matter  wastes  is  remarkable,  remembering  the 
large  amount  of  fat  it  contains,  and  may  depend  on 
the  difficulty  of  absorption  thi'ough  the  neurilemma  of 
the  tubes.  After  death,  the  stomach  and  intestines  are 
found  shrunken,  rugous,  and  extremely  thin,  the  gall- 
bladder over  distended,  the  bile  not  being  used  or  neu- 
tralized ;  the  other  secretions  and  blood  arg  found 
scanty.  The  rule  that  death  occurs  when  the  loss 
amounts  to  two-fifths,  holds  good  for  nearly  ail  animals, 
yet  the  time  of  death  varies  remarkably,  birds  succumb- 
ing within  a  week,  and  if  Budolphi  can  be  credited,  the 
proteus  living  five  years  without  food.  Another  ex- 
ceptional case  was  reported  to  the  Linnean  Society, 
where  a  pig  lived  160  days,  buried  under  a  chalk  bank, 
having  lost  75  per  cent,  of  its  weight,  chiefly  fat.  As 
the  introduction  of  new  matter  by  food  helps  to  expel  the 
efi'ete  matter  of  the  tissues,  starvation  kills  partly  by  the 
retention  and  decomposition  of  this  matter  producing  a 
form  of  putrid  fever,  and  putrefaction  rapidly  occurs 
after  death.  The  connexion  between  want  of  food  and 
zymotic  diseases  is  admirably  shown  in  Dr.  Gorrigan's 
essay  on  "  Famine  and  Fever  as  Cause  and  Efiect  in 
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Ireland."  The  curative  effects  of  food  in  the  disease 
was  forcibly  taught  by  Dr.  Gi-aves,  who  wished  that  his 
epitaph  might  be,  "  He  fed  fevers." 

Thirst,  although  marked  chiefly  in  the  mouth  and 
pharynx,  is  a  systemic  sensation,  as  the  injection  of 
water  into  the  veins  or  the  stomach  will  relieve  it.  Ber- 
nard has  shown  this  by  producing  a  gastric  fistula  in  a 
dog  ;  the  animal  drank  incessantly  while  the  fistula  was 
open,  as  the  water  was  not  absorbed,  but  was  satisfied 
with  a  small  quantity  when  it  was  closed.  In  the  words 
of  Mayo,  "  a  person  might  be  hungry  without  a  sto- 
mach, and  thirsty  without  a  throat."  Even  a  moist 
air,  or  bathing,  will  slake  thirst — hence  the  renowned 
Franklin  advised  sailors,  when  the  supply  of  water  fell 
short,  to  bathe  and  to  damp  their  clothes.  This  practice 
is  not  safe  if  food  also  be  insufficient,  as  it  tends  to 
lower  animal  heat,  and  should  now  be  unnecessary,  since 
Dr.  Normandy's  process  of  separating  pure  water  from 
sea-water  by  destination  has  been  adopted.  The  sen- 
sation of  thirst  would  seem  sometimes  to  be  absent,  as 
Sauvages  relates  of  a  member  of  the  Toulouse  University. 

The  feeling  may  be  subjective,  and  spices  and  stimu- 
lants appHed  to  throat  will  produce  it,  although  there  is 
no  want  of  water  in  the  system.  The  symptoms  of  thirst 
are  a  dryness  and  clamminess  of  the  mouth  and  pharynx, 
the  tongue  feels  as  if  sticking  to  the  palate,  respiration 
is  obstructed,  and  nervous  irritability  is  heightened  to 
an  extreme  degree.  The  blood  cells  have  been  found 
shrivelled  by  exosmose  of  their  water.  Death  occurs 
sooner  than  from  deprivation  of  food,  and  with  even 
greater  distress,  as  seen  in  some  of  the  persons  confined 
in  the  black-hole  of  Calcutta.  Ice  and,  what  is  remark- 
able, tepid  water  are  superior  to  equal  quantities  of  cold 
water  for  slaking  thirst,  as  we  see  in  fevers  and  diabetes. 
Thirst  kills  by  exciting  pyrexia. 

The  Stages  of  Digestion  were,  according  to  Mage7i- 
die—1.  Prehension;  2.  Mastication;  3.  Insalivation  ; 
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4.  Deglutition  ;  5.  Action  of  the  stomach ;  6,  Action  of 
the  small  intestines  ;  7.  Action  of  the  large  intestines  ; 
and,  8.  Defsecation. 

Prehension,  the  first  step  in  digestion,  is  an  office 
which  that  admirable  instrument  the  hand,  the  lips, 
cheeks,  incisor  teeth,  and  tongue  perform  for  man.  The 
lips  are  highly  sensitive  and  muscular,  and  are  encircled 
by  arteries.  The  maxillary  divisions  of  the  trifacial 
nerve  endow  them  with  great  sensibility,  and  if  divided, 
as  done  by  Sir  C.  Bell  on  an  ass,  the  guiding  sensation 
is  lost,  and  the  animal  will  not  take  up  food  although 
presented  to  him.  Many  muscles  surround  the  mouth 
and  are  supplied  by  the  facial  nerve,  the  buccinator 
being  also  supplied  by  the  motor  part  of  the  trifacial. 
The  tongue,  an  organ  hereafter  described,  acts  in  many 
animals  as  a  prehensile  organ,  and  in  the  infant  aids 
suction  by  being  drawn  back  into  the  mouth  like  a 
piston.  When  the  lips  are  tightly  applied  round  the 
nipple  a  vacuum  is  produced  by  the  expansion  of  the 
mouth,  and  the  milk  is  forced  from  the  breast  by  the 
atmospheric  pressure  upon  it.  Coryza  interferes  seri- 
ously with  suckling. 

Mucous  Membrane  is  continuous  with  skin  at  the 
lips,  and  its  structural  anatomy  may  be  here  briefly  de- 
scribed. It  forms  two  great  tracts  or  continuous  sheets, 
the  gastro  pulmonary  and  the  genito-uiinary,  and  in  ad- 
dition the  mammary  tract  in  the  female.  The  intestinal 
subdivision  has  two  orifices,  the  others  are  coecal.  The 
membrane  is  termed  simple  when  it  has  a  plane  surface, 
compound  when  folded  inwards  forming  follicles,  out- 
wards forming  villi  or  projections.  Mucous  membrane  is 
everywhere  composed  of  epithelium  and  basement  layer. 

Epithelium  is  of  four  kinds  :  1.  Flat,  hexagonal  or 
polyhedral  cells,  arranged  in  one  or  more  layers.  This 
is  termed  scaly  or  tesselated,  and  occurs  in  the  mouth, 
pharynx,  oesophagus,  ureter,  bladder  urethra,  and  ex- 
ternal female  genitals.    2.  Columnar,  which  is  com- 
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posed  of  rod-like  cells  narrower  at  the  end  where  they  are 
attached.  It  covers  the  intestinal 
villi,  air  passages,  &c.    3.  Cili-  ^^^^fe^ 
ated,  which  is  but  the  columnar  .  j^^^S^ss^ 
variety,  with  the  addition  of  cilia 

to  its  free  extremities,  as  in  nasal,   ^  \>  '^/'^wi^ 

bronchial,  Fallopian  surfaces,  &c . ,  "  t^-  '"'t^f-m 
and  these  in  every  case  wave  to- 
wards the  outlets.  Cilia  are  found 
on  the  tesselated  arachnoid  epi- 
thehum,  but  never  on  the  next 
kind  of  epithelium.  4.  The  glan- 
dular, consisting  of  oval  or  glo- 
bular cells,  which  in  various  se- 
creting organs  have  the  power 
of  choosing  the  materials  of  the 
special  secretion  from  the  blood. 
The  second  constituent  of  the 
mucous  covering  is  the  basement 
layer,  a  homogeneous  lamina, 
with,  occasionally,  a  slightly 
fibrous  appearance.  It  corre- 
sponds underneath  to  areolar 
tissue,  containing  the  nutrient 
vessels.  A  basement  membrane 
is  said  to  be  wanting  under  the 
hepatic  cells. 

Mastication  is  aided  by  the 
cheeks,  which  roll  the  mass  from 
side  to  side,  mould  it,  and  pre- 
vent it  clogging  outside  the  teeth ;  and  the  tongue,  which 
besides  its  gustatory  powers,  canby  it  s  exquisite  mobi- 
lity remove  the  food  from  any  part  of  the  mouth,  and 
keep  it  always  under  the  operation  of  the  teeth. 

The  Teeth  are  arranged  in  two  semi-parabolic  curves, 
the  upper  and  lower  dental  arches,  of  which  the  upper 
is  the  greater  and  includes  the  lower.    This  is  of  use  in 
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dividing  the  food;  and  by  mutual  attrition,  the  teeth,  in- 
stead of  being  blunted,  as  they  would  be  if  they  came 
just  together,,  are  bevelled  on  the  posterior  surface  in  the 
upper  ones,  and  the  anterior  in  the  lower.  In  adult 
man  there  are  32  teeth,  16  in  each  jaw  and  8  on  each 
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Molar.  Premolar.       Canine.  Incisor. 


side,  arranged  from  before  backwards  without  any  dias- 
tema, viz.,  2  incisors  for  cutting,  1  canine  for  seizing, 
2  premolar  or  bicuspid  for  tearing,  and  3  molar  for 
grinding  the  food,  all  contained  within  that  "  case  of 
instruments,"  the  mouth.  These  numbers  are  often  ex- 
pressed by  Owen's  dental  formula: 

2  —  2      1  —  1     2  —  2     3  —  3 

t   c   p  7)1  =  32 

2  —  2      1  —  12  —  2     3  —  3 

The  same  number  exists  in  many  animals,  but  many 
variations  occur  between  the  extremes  of  1  in  narwhal 
and  190  in  dolphin.  The  close  unbroken  apposition  of 
the  teeth  occurs  in  man  only  of  living  creatures,  but 
has  been  found  in  the  fossil  anoplotherium,  nesodon, 
and  dichodon. 

A  tooth  is  divided  into  a  crown,  which  projects  above 
the  gum,  a  vascular  tissue  grasping  it  at  a  slight  gi-oove 
termed  the  neck,  and  a  root,  consisting  of  one  or  more 
fangs,  set  into  the  alveoli  of  the  jaw-bones.  Enamel 
coats  the  crown ;  cement  or  crusta  petrosa,  the  fang ;  and 
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all  the  rest  is  composed  of  dentine  or  ivory.  The  body  is 
hollowed  out  into  the  pulp-cavity,  compared  to  an  Haver- 
sian canal,  and  which  contains  a  mass  of  looped  nerves 


Seclmioja  Molar  Toot/i-c,  cement  ;  d,  dentine  ;  e,  enamel. 


and  blood-vessels  transmitted  through  the  tube  in  each 
tang,    ihese  parts  are  shown  in  the  foregoing  section. 
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Dentine  (cZ)  consists  of  fine  tubes  running  from  the 
pulp-cavity  to  the  enamel  or  cement,  in  such  direction 
as  to  oppose  pressure  applied  to  the  crown  or  sides  of 
the  tooth.  To  confer  some  elasticity,  they  take  two  or 
three  wavings,  and  small  curves  even  to  the  extent  of  200 
in  a  line.  They  often  branch  in  binary  order,  and  dilate 
into  lacunas  near  the  cement,  thus  forming  the  "  gi'anular 
layer"  of  Tomes.  The  dentine  is  marked  by  "counter- 
lines,"  which  evidence  stratification.  The  dental  tubes 
are  of  very  fine  calibre,  their  wall  being  thick  in  propor- 
tion, admitting  perhaps  the  thinnest  part  of  the  blood. 
Madder  does  not  stain  the  tooth.  Dentine  contains 
about  72  per  cent,  of  earthy  salts.  When  teeth  first  ap- 
pear, the  crown  is  covered  with  a  thin  layer  of  cement, 
which  soon  wears  away  and  exposes  the  enamel  coated 
with  a  fine  pellicle. 

Enamel  {e),  having  but  2  per  cent,  of  organic  matter, 
is  the  hardest  substance  in  the  body,  and  will  strike  fire 
with  steel.  It  is  arranged  in  pentagonal  or  hexagonal 
rods  ^  aV  o  diameter,  extending  from  the  dentine  to  the 
surface  of  the  crown,  where  they  present  an  exquisitely 
smooth  surface.  Towards  the  dentine  the  rods  are  of 
unequal  length,  corresponding  to  that  of  dental  tubes. 
High  microscopic  power  shows  transverse  markings  on 
the  rods,  connected  probably  with  their  development 
or  nutrition,  which  may  be  also  accomplished  hj  the 
very  slight  spaces  they  leave  between  each  other.  The 
sensation  produced  by  acid,  when  the  teeth  are  said  to 
be  "on  edge,"  is  hard  to  account  for,  as  no  nerves  pro- 
bably exist  in  dental  tubes,  or  between  enamel-rods,  but 
these  may  convey  an  impression  to  the  nervous  pulp. 

The  Cement  (c)  is  a  layer  of  bone  crusting  the  fangs, 
and  thus  setting  the  tooth  in  its  socket.  Alhinus'  mu- 
seum contains  an  upper  molar  with  the  fangs  gi-owing 
down,  the  crown  in  antrum.  Up  to  1839,  dental  tissue 
was  described  as  a  "  dead  part  or  product  exhaled  from 
the  surface  of  a  formative  bulb,"  but  theii*  exquisite 
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structure  evidences  organization,  and  being  surprisingly 
varied  in  different  animals,  affoi'ds  important  zoological 
data. 

The  development  of  Teeth  has  been  most  carefully 
studied  by  Prof.  Goodsir.  They  are  appendages  to  the 
mucous,  as  hair  and  nails  are  to  the  cuticular  surface, 
and  no  part  of  the  true  skeleton.  In  the  fcetus,  at  six 
weeks,  there  forms  along  the  edge  of  the  hard  palate 
"the  primitive  dental  groove,"  at  the  bottom  of  which 
"  papillae"  spring  up  and  assume  the  shape  of  each 
futm'e  tooth.  The  groove  is  next  partitioned  into  "fol- 
licles" by  septa  running  between  the  inner  and  outer 
alveolar  edge,  and  then  the  follicles  become  "saccules," 
by  closing  up  round  the  papillae.  The  papilla  is  analo- 
gous to  that  of  hair,  and  is  composed  of  granular  matter, 
which  becomes  most  highly  vascular,  and  at  last  ossifies 
from  the  sm'face  inwards,  the  dental  tubes  also  forming. 
It  corresponds  only  to  the  crown  of  the  future  tooth, 
and  all  below  the  neck  subsequently  ossifies,  and  there- 
by forces  the  crown  to  protrude  through  the  gum.  The 
enamel  is  developed  in  successive  layers  of  particles, 
which  explains  the  cross  markings  on  the  rods,  and 
shows  its  analogy  to  cuticle,  epithelium,  or  shells  of 
some  animals.  It  will  be  remembered  that  the  stages 
have  been  successively — grooved,  papillary,  folHcular, 
saccular;  and  now,  finally,  the  "  eruptive"  stage  begins. 


stages  of  Dental  Development. 


The  following  are  the  dates  at  which  the  papillae  of  the 
twenty  temporary  or  deciduous  teeth — viz.,  2  incisor,  1 
eanme,  2  molar,  in  each  side  of  each  jaw — appear  :  an- 
terior molar,  7th  week ;  canine,  8th ;  incisor,  9th ;  and 
posterior  molar,  10th.    Even  at  this  early  period  the 
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development  of  the  permanent  teeth  is  being  provided 
for,  by  the  mucous  membrane  being  gi-ooved  into  what 
Goodsir  calls  the  "cavities  of  reserve."  The  deciduous 
teeth  cut  through  the  gum  rather  earlier  in  the  lower  than 
upper  jaw,  and  about  the  following  dates  of  infancy : 

Central  incisors  ...  7th  month. 

Lateral  incisors  ...  before  10th. 

Anterior  molars  ...  between  12th  &  14th. 

Canines       ...  ...  14th  to  20th. 

Posterior  molars  ...  18th  to  36th. 

This  completes  the  first  dentition,  an  epoch  often  marked 
by  convulsive  and  other  reflex  nervous  diseases.  The 
permanent  teeth  are  being  gradually  ossified  between 
birth  and  the  third  year,  and  come  to  lie  at  the  inner 
edge  of  the  milk-teeth,  but  much  deeper.  The  fangs  of 
these  are  absorbed  and  then-  crowns  thrown  off  by  the 
permanent  teeth  under  them.  The  dates  of  this  second 
dentition  are : 

Anterior  molar  ...  6^  years. 

Central  incisor  ...  7th  year. 

Lateral  incisor  ...  8th  year. 

Anterior  bicuspid  ...  9th  year. 

Posterior  bicuspid  ...  10th  year. 

Canine        ...  ...  11th  to  12th  year. 

Second  molars  ...  12th  to  13th  year. 
Third  molars,  or  "den- 

tes  sapientiae"  ...  from  17th  to  19th  year. 

These  dates,  except  the  last,  are  very  constant,  afford- 
ing proof  of  the  age  of  children;  and  Saunders  has  pro- 
posed them  as  a  test  of  their  capability  for  factory  work. 

In  man  the  movements  of  the  lower  jaw  are  most 
varied,  combining,  as  in  his  teeth  and  food,  the  charac- 
ters of  both  carnivora  and  herbivora.  Depression  is 
accomplished  by  the  anterior  belly  of  the  digastric — 
which,  in  common  with  all  masticating  muscles,  is  sup- 
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plied  by  the  motor  part  of  the  trifacial  nerve — and  per- 
haps the  mylohyoid,  genio-hyoid,  and  genio-hyoglossus. 
Elevation,  by  the  temporal,  masseter,  and  internal  ptery- 
goid. Protrusion,  by  the  anterior  fibres  of  the  temporal, 
the  superficial  part  of  the  masseter,  and  the  internal 
pterygoid.  Retraction,  by  the  posterior  fibres  of  the 
temporal  and  the  deep  part  of  the  masseter.  Lateral 
motion,  by  the  alternating  action  of  the  pterygoids,  espe- 
cially the  external. 

Insalivation  occurs  simultaneously  with  mastication, 
and  thoroughly  incorporates  with  the  food  the  fluids 
from  the  parotid,  submaxillary,  sublingual,  and  the  buccal 
glands,  which  are  scattered  over  the  cheeks,  lips,  palate, 
and  back  of  pharynx.  The  structure  of  these  is  best 
studied  by  tracing  the  single  excretory  duct  as  it  divides 
into  most  minute  and  numerous  branches,  ending  in 
cceca  and  lined  by  epithelium.  The  cceca  are  surrounded 
by  blood-vessels,  and  are  grouped  together  by  areolar 


Lobule  of  a  Salivary  Gland. 

tissue,  which  condenses  on  the  surface  into  a  capsule. 
Salivary  glands  are  very  simple  in  the  foetus  and  many 
lower  vertebrata,  among  all  of  whom  they  exist— save 
fishes,  the  sea-water  with  them  fulfilling  some  of  the 
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uses  of  saliva.  Some  fishes,  however,  as  the  carp,  are 
said  to  ruminate,  and  a  secretion  like  saliva  is  poured 
out  by  the  pharynx.  In  the  horse,  cow,  and  some  other 
animals,  each  side  of  the  jaw  and  salivary  glands  are 
used  alternately.  Its  flow  is  promoted  by  the  motions 
of  the  jaw — probably,  also,  the  pressure  of  the  stylo- 
maxillary  ligament  alternately  on  the  parotid  and  sub- 
maxillary, and  remarkabllTby  nervous  influence.  Every 
one  knows  that  the  sight,  or  even  thought  of  food,  will 
make  "  the  teeth  water." 

A  good  deal  of  saliva  is  poured  out  even  after  the  food 
has  been  swallowed,  the  food  in  stomach  exciting  reflex 
action;  so  that,  although  "bolting"  is  injm-ious,  the 
action  of  saliva  takes  place  in  stomach,  the  gastric  juice 
not  interfering  with  it,  as  once  supposed.  Lunatics  and 
others  fed  through  oesophageal  tubes  have  digested  nor- 
mally. The  daily  amount  is  said  to  be  48  oz.  hy  Bidder 
and  Schmidt. 

Saliva  is  a  viscid  fluid  with  a  bluish  opalescent  tint, 
from  epithelial  particles,  clearing  as  they  subside,  and 
often  frothy,  its  mucus  entangling  air.  Its  specific 
gravity  is  1007 — 9.  It  is  alkaline  in  proportion,  it  is 
said,  to  the  acidity  of  the  gastric  juice  at  the  time,  but 
the  mucus  of  mouth  during  fasting  gives  it  an  acid  re- 
action, which  has  also  been  remarked  dm-ing  inflamma- 
tory diseases.    Frerichs  found  it  contained, 


Water   994-10 

Salivin    1-41 

Epithelium  and  mucus     2-13 

Fat   007 

Sulphocyanide  of  potassium   O'lO 

Fixed  salts   2-19 


1,000-00 

A  trace  of  iron  can  be  usually  detected.  The  active 
principle  salivin,  or  ptyalin,  is  a  yellowish  white,  nearly 
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solid  matter — having  alone  \'he  smell  of  saliva,  soluble 
in  ether,  alcohol,  and  slightly  so  in  water — and  differing 
fi'om  albumen  in  being  thrown  down  by  acetate  of  lead 
and  nitrate  of  silver,  not  by  heat  or  nitric  acid.  It  holds 
hme  combined  with  it,  and  thus  saliva,  like  lime-water, 
becomes  turbid  on  exposure  to  air.  There  is  none  of  it 
in  the  saliva  of  carnivora  or  sucking  animals,  as  there  is 
no  starch  in  flesh  or  milk  to  "be  converted  into  sugar. 
Sulphocyanide  of  potassium  is  a  salt  peculiar  to  saliva, 
and  recognisable  by  giving  a  blood-red  tint  with  persalts 
of  iron.  It  is  absent  during  ptyalism,  owing  to  dilution, 
and  increased  when  sulphur  is  taken  internally.  The 
uses  of  saliva  are  mechanical  or  chemical.  It  reduces 
the  food  to  a  soft,  slippery,  and  easily  swallowed  mass  ; 
it  entangles  air,  and,  by  soaking  food,  lets  the  gastric 
juice  more  readily  penetrate  the  bolus.  But  its  main 
function  is,  by  its  ferment,  salivin,  to  saccharize  starch. 
If  equal  parts  of  saliva  and  decoction  of  starch,  made 
with  distilled  water,  and  shown  by  Trommer's  test  to 
contain  no  sugar,  be  mixed,  the  latter  loses  its  jelly-like 
appearance,  produces  no  blue  with  iodine,  but  indicates 
sugar  by  its  tests  as  fast  as  the  experiment  can  be  per- 
formed. Saliva  also  breaks  the  capsules  of  the  starch 
grams.  Wright  states  that  symptoms  like  hydrophobia 
may  be  produced  by  injecting  even  pure  saliva  into 
blood-vessels  of  an  animal.  Salivary  calcuH  and  "  tar- 
tar" consists  of  20  per  cent,  of  organic  matter,  and 
earthy  phosphates,  or,  according  to  Wright,  80  per  cent, 
of  carbonate  of  lime,  which  salt,  however,  I  found 
wholly  absent  in  one  instance. 

Deglutition  is  performed  by  the  mouth,  tongue, 
palate,  pharynx,  and  oesophagus,  organs  represented 
on  the  following  page,  and  is  aided  by  the  thick  lubri- 
catmg  mucus  secreted  by  the  tonsils— racemose  glands 
between  the  arches  of  the  palate.  The  act  was  di- 
vided hy  Magendie  into  three  stages— 1.  The  bolus  is 
placed  on  the  dorsum  of  the  tongue,  made  hollow  to 
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receive  it,  and  is  then  pressed  into  the  pharynx  by  being 
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squeezed  up  against  the  hard  palate;  the  pharynx  is 
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now  dilated  by  the  larynx  being  moved  forward  and 
upwards,  save  that  part  behind  the  nares,  which  is  closed 
by  the  palato-pharyngei  in  the  posterior  pillars  of  the 
soft  palate,  which  is  itself  thrown  up  either  by  muscles 
or  by  mere  pressure  of  food.  2.  The  bolus  passes  into 
pharynx,  the  glottis  being  closed  by  the  lid-hke  epi- 
glottis, which  is  forced  down  by  the  pressure  of  the 
tongue,  the  weight  of  food,  and  perhaps  the  aryteno- 
epiglottidean  muscles  ;  being  very  elastic,  it  springs  up 
as  soon  as  the  food  has  passed  ;  the  middle  and  inferior 
constrictors  now  press  the  bolus  into  the  oesophagus ; 
(3)  and  is  by  it  forced  down  into  stomach.  Professor 
Corbett,  of  Queen's  College,  Cork,  has  shown  that  fluids 
are  swallowed  in  two  streams  by  the  sides  of  epiglottis 
and  the  folds  which  bind  it  to  the  arytenoid  cartilages, 
the  uvula  serving  to  split  the  current. 

The  cesophagus  takes  a  very  tortuous  course,  being  in 
the  median  line,  where  it  begins  about  the  fifth  cervical 
vertebra,  to  the  left  at  the  seventh,  to  the  right  at  the  third 
dorsal,  below  which  it  crosses  the  aorta  in  the  posterior 
mediastinum,  and  opens  into  the  stomach  about  one  inch 
below,  and  to  the  left  of  the  ziphoid  cartilage,  and  opposite 
to  the  tenth  dorsal  vertebra.  The  muscular  substance  of 
the  diaphragm,  which  it  pierces,  makes  a  kind  of  sphincter 
for  it.  The  left  pneumogastric  in  front,  and  the  right 
behind,  twine  about  it,  and  form  the  "plexus  gulge." 
The  tube  is  covered  by  a  lax,  distensible  areolar  coat, 
and  lined  by  a  thick,  lowly- organized  mucous  membrane, 
which  has  rather  cuticle  than  epithelium,  and  a  few 
mucous  glands.  Some  cells  of  the  yeast  plant,  sarcina, 
and  vibriones,  are  often  found  upon  it.  There  are  two 
layers  of  muscular  fibres.  The  outer  longitudinal  arises 
from  the  vertical  ridge  on  the  back  of  the  cricoid  cartilage, 
and  is  lost  on  the  stomach  ;  the  inner,  or  circular,  joins 
the  oblique  fibres  of  the  stomach.  Both  layers  are 
striped  muscle  above,  but  they  become  unstriped  about 
half-way  down. 

The  food  does  not  drop  by  mere  gravity  into  the 
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stomach,  but  is  worked  down  by  the  successive  portions 
of  the  tube  contracting.  Matters  are  passed  against 
gravity  readily  through  it,  as  when  the  horse  drinks,  in 
vomiting ;  and  men  have  exhibited  the  feat  of  swallowing 
while  standing  on  their  head.  The  tortuous  course  is 
not  enough  to  prevent  the  food  dropping  down,  for  when 
the  oesophagus  is  paralyzed  or  weakened  before  death,  it 
falls  into  the  stomach  with  a  deep  sound,  like  that  of  a 
stone  in  a  well.  Electricity  produces  continued  con- 
traction in  the  upper  part,  vermicular  in  the  lower.  The 
first  stage  of  deglutition  is  voluntary,  provided  there  is 
something  to  swallow,  even  saliva;  but  if  this  be  ex- 
hausted we  cannot  perform  the  act.  It  will  also  occur 
when  volition  is  suspended,  a  bolus  being  often  admin- 
istered to  a  comatose  patient.  The  second  stage  is 
regarded  as  mixed  or  automatic  ;  and  the  third  is  wholly 
involuntary.  Division  of  both  pneumogastrics  causes 
the  food  to  collect  in  the  oesophagus. 

The  Stomach  of  man  is  a  single  pouch,  narrowed, 
however,  in  the  middle  during  digestion — the  "hour- 
glass constriction"  of  Sir  E.  Home.  Its  coats  are  from 
without  inwards  (1)  peritoneal,  continued  from  dia- 
phragm, liver,  and  spleen  around  the  vessels  ;  being  an 
indistensible  membrane,  it  is  loosely  attached  by  (2)  the 
areolar  layer  to  (3)  the  longitudinal  muscular  coat,  which 
is  best  seen  along  the  curvatures,  especially  the  lesser. 
4.  Circular  fibres  are  developed  at  the  cardiac  orifice 
where  they  help  the  diaphragm  in  making  a  sphincter, 
and  at  the  pylorus  where  they  make  a  circular  valve 
with  an  aperture  compared  to  iris  and  pupil.  This  valve 
gradually  opens  as  digestion  progresses.  5.  Obhque 
muscular  fibres  abound  of  the  great  bulging  end.  Con- 
densed areolar  tissue  forms  a  6th  coat,  which  Sir  C.  Bell 
named  "nervous"  from  its  colour  and  plentiful  supply 
of  nerves,  from  the  pneumogastrics,  left  phrenic,  and 
solar  plexus.  In  it  also  the  arteries  from  the  gastric, 
hepatic,  and  splenic,  and  the  veins  running  to  the  porta, 
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Alveoli  and  Stoinach- 
ticbes 


ramify.    The  7tli  and  last  plane  is  the  mucous  mem 
brane.    This  surface  is  thick  and  vel- 
vety, pale  and  plicated  during  fast- 
ing, extremely  vascular  and  distended 
dui-ing  digestion.    It  is  depressed  into 
pits  or  "alveoli"  of  an  irregularly 
square  form,  about  diameter, 
and  of  about  i  of  the  depth  of  the 
membrane.    These  pits  were  first  ac- 
curately described  by  Dr.  Sprott  Boyd, 
from  whose  paper  the  annexed  cut  is  copied.   The  walls 
of  these  alveoli  contain  abundant  capillaries,  and  fi'om 
the  bottom  of  them  lead 
off  five  or  six  tubes  dip- 
ping into  the  remaining 
thickness   of   the  coat. 
These  stomach-tubes 
(sieve-like  follicles  of  Lie- 
berkuhn)  difier  at  the  car- 
dia  and  the  pylorus.  At 
the  cardia  they  branch 
into  two  or  three  coeca, 
and  are  lined  by  round 
epithelial  gland  cells  filled 
with  granules.  These  are 
the  true  "  peptic  glands," 
alone  secreting  acid  or 
pepsin,  according  to  Kul- 
lilcer.  The  tubes  near  the 
pylorus  do  not  branch, 
are  lined  by  very  large 
columnar  epithelium,  and 
secrete  mucus.    The  sto- 
mach-tubes of  the  pig  are 
here  represented.     The  ^^^P\JM^/S^ 
motions  of  the  stomach       1^"^^^'  '  ^  ' 
may  be  seen  when  food  or  p,^. 
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other  stimulus  is  introduced,  and  the  direction  of  them 
them  is  best  indicated  by  a  rod  inserted  through  a  gas- 
tric fistula.  The  stomach  contracts  upon  the  food, 
which  does  not  escape  as  the  orifices  are  closed,  the 
contraction  being  most  marked  towards  the  pylorus,  or 
at  the  centre,  producing  the  hour-glass  shape,  which 
can  be  produced  by  electric  stimulus  in  animals,  or  cri- 
minals who  have  been  dissected  just  after  execution. 
This  contraction  is  about  four  inches  fx'om  the  pylorus, 
and  prevents  the  food  passing  through  too  soon.  That 
it  divides  the  organ  into  a  cardiac  portion  for  macera- 
tion and  a  pyloric  portion  for  digestion  is  disproved  by 
the  true  peptic  glands  being  more  numerous  towards  the 
cardiac  orifice. 

The  mass  of  food  passes  from  the  cardiac  orifice  to 
the  bulging  end,  then  along  the  greater  curvature  to  the 
pylorus,  aud  hence  back  to  the  cardia  along  the  lesser 
curvature,  the  revolution  occurring  in  from  one  to  three 
minutes.  In  carnivora  the  motion  is  from  side  to  side. 
That  no  energetic  trituration  occurs  in  the  stomach, 
Spallanzani  proved  by  placing  food  in  perforated  metal 
tubes  out  of  which  it  was  digested.  Stimulation  of  the 
mucous  surface,  as  by  food,  renders  it  red  and  turgid  as 
a  foreign  body  reddens  conjunctiva,  and  gastric  juice 
oozes  plentifully  out,  none  being  secreted  during  fasting. 
Much  slimy  mucus  is  poured  out  by  the  stomach,  but  is 
at  once  checked  by  the  section  of  the  vagi,  according  to 
Sir  B.  Brodie.  Bernard  states  that  irritation  of  the 
pneumogastric  nerves  promotes,  of  the  sympathetic 
checks  the  flow  of  gastric  juice.  The  Ahhe  Spallanzani 
obtained  gastric  juice  by  making  animals  swallow  sponges 
with  a  string  attached  for  withdrawing  it — an  experi- 
ment I  have  seen  a  zealous  professional  friend  perform 
on  himself.  Dr.  Stevens  experimented  on  a  hussai',  who 
had  acquired  the  power  of  swallowing  so  many  stones 
that  they  would  rattle  on  striking  the  epigastrium ;  he 
found  that  living  leeches  and  earthworms  were  digested. 
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Dr.  Gosse,  who  could  vomit  at  will,  made  also  some 
valuable  observations. 

We  owe,  however,  nearly  all  our  knowledge  on  the 
subject  to  the  following  cases  :  1.  Alexis  St.  Martin,  a 
Canadian  boatman,  in  whom  there  existed  a  large  gas- 
tric fistula,  the  result  of  a  gun-shot  wound.  Dr.  Beau- 
mont most  ably  investigated  this  case,  obtained  gastric 
juice,  and  observed  the  action  of  food  on  the  stomach, 
and  of  the  stomach  on  food.  2.  Catherine  Kiitt,  aged 
35  years,  who  had  a  gastric  fistula  opening  between 
ninth  and  tenth  left  costal  cartilages,  from  which  Schmidt 
obtained  31  tb  of  gastric  juice  daily,  of  which  100  parts 
were  required  to  dissolve  2^  parts  of  albumen.  Leh- 
mann  calculated  the  daily  amount  at  from  60  to  80ozs., 
as  we  ingest  daily  3  or  4  ozs.  of  pure  albumen,  and 
finding  that  5  parts  are  dissolved  by  100  parts  of  that 
fluid.  The  amount  of  gastric  juice  is  proportional  to 
the  wants  of  the  system,  not  to  the  quantity  of  food 
taken — a  most  important  principle  in  dietetics,  as  any 
surplus  must  remain  undigested,  and  in  many  feverish 
states  none  is  secreted  if  food  be  taken.  It  is  a  colour- 
less, slightly  viscid  fluid,  with  a  sour  smell  and  intensely 
acid  reaction,  specific  gravity  of  1*0023,  and  the  follow- 
ing composition : 
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Pepsin   

.  3-195 

4-202 

17-507 

Hydrochloric  acid.. 

.  0-200 

1-557 

2-703 

Chlorides  

2-076 

6-001 

5-881 

Phosphates   

.  0-125 

2-090 

2-738 

The  pepsin  and  acid  may  be  regarded  as  a  conjugated 
acid— the  pepso-hydrochloric.  There  is  probably  much 
more  acid,  as  in  these  analyses  saliva  and  other  alkaline 
matters  rnay  have  neutralised  a  large  amount.  That 
the  acid_  is  hydi-ochloric  is  probable  from  the  necessity 
there  exists  for  the  use  of  common  salt,  which  would 
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afford  this  acid  for  the  gastric  juice  and  soda  for  the 
bile  ;  it  has  been  surmised  that  the  pepsin  may  separate 
them.  The  fact  that  hydrochloric  acid  is  the  most 
highly  diffusible  of  substances  may  have  some  connexion 
with  its  presence  in  the  gastric  juice.  The  presence  of 
lactic  acid  was  first  stated  in  1823  by  our  illustrious 
countryman,  the  late  Dr.  Graves,  and  since  hj  Bei-zelim, 
and  was  obtained  in  1856  from  Alexis  St.  Martin,  who 
has  again  submitted  to  experiment.  Blondlot  asserts 
that  biphosphate  of  lime,  and  no  free  acid,  exists — a 
view  disproved  by  the  fact  that  gastric  juice,  if  heated 
with  zinc,  evolves  hydrogen,  whereas  a  solution  of  acid 
phospate  will  not.  No  mixture,  however,  of  acids  will 
digest  alimentary  matters  without  the  aid  of  great  and 
prolonged  heat ;  but  this  necessity  for  high  temperature 
is  removed  by  the  active  principle,  pepsin.  This  is 
contained  in  the  dried  mucous  membrane  of  the  fourth 
stomach  of  the  calf,  which  is  known  as  rennet,  and  was 
isolated  therefrom  by  Wasmann.  It  acts  as  a  ferment, 
being  probably  a  protein  body  undergoing  decay,  and 
produces  some  catalytic  effect  on  albuminous  food,  pu- 
trefaction being  checked  by  the  presence  of  the  acid,  for 
an  artificial  digesting  fluid  made  from  pepsin,  without 
acid,  putrifies. 

Gastric  juice  acts  mainly  on  the  albuminoids,  changing 
them  into  *'  peptone,"  which  is  identical,  though  derived 
from  meat,  cheese,  albumen,  &c.  This  substance,  al- 
luded to  by  Prout  as  "incipient  albumen,"  is  not  coagu- 
lated by  heat  or  nitric  acid,  and  is  much  more  soluble, 
and  thus  more  easily  absorbed  through  coats  of  vessels. 
Peptone  does  not  give  the  red  colour  by  Millons  test, 
but  is  thrown  down  by  alcohol  and  bichloride  of  mercury, 
and  has  the  effect  of  interfering  with  such  chemical  re- 
actions, as  the  blue  colom-  of  starch  with  iodine,  the  re- 
duction of  oxide  of  copper  b}^  sugar,  as  in  Trommcrs 
test,  &c.  No  great  chemical  change  occurs  in  the  pro- 
duction of  peptone,  as  no  gas  is  evolved,  and  the  amount 
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of  sulphur  is  the  same  as  in  albuminoids.   It  is  probable 
that  peptone  is  but  a  crystalloid  form  of  albumen,  that 
substance,  by  a  change  from  its  colloid  condition,  being 
readily  diffusible  through  the  coats  of  the  stomach  and 
the  superimposed  layer  of  mucus.    Milk  introduced  intoj 
stomach  is  at  once  curdled,  its  casein  being  then  con-; 
verted  into  peptone  ;  if  too  much,  however,  be  forced; 
upon  an  infant,  it  passes  away  in  the  stools.    The  pep- 
tone is  taken  up  by  the  gastric  veins  as  rapidly  as  formed, 
and  being  circulated  through  liver  by  the  porta,  may 
excite  that  organ  to  pour  out  bile  for  the  next  digestive 
step.    The  gastric  juice  is  never  free  in  the  stomach  in 
large  quantity,  but  is  being  absorbed  and  re-secreted, 
which  accounts  in  some  degree  for  the  stomach  itself 
not  being  digested,  but  the  rapid  renewal  of  epithelium 
is  also  protective.    The  alkaline  reaction  of  the  circu- 
lating blood  neutralizes  also  the  acid  of  the  gastric  juice, 
according  to  Pavij,  who,  however,  has  shown  that  living 
frog's  leg,  if  retained  in  the  stomach  of  a  dog,  will  be 
digested  almost  as  rapidly  as  if  dead.    The  stomach  of 
man  has,  however,  been  found  digested  or  softened,  as 
described  by  Hunter,  and  the  fact  has  medico-legal  im- 
portance, as  it  may  be  mistaken  for  the  effect  of  corro- 
sive poisons  or  chronic  ulcer.    With  regard  to  the  action 
of  the  stomach  on  other  substances,  fat  is  only  melted, 
sugar  and  gelatin  probably  absorbed,  being  the  only  calo- 
rific food  the  stomach  acts  on,  while  starch,  cellulose, 
&c.,  are  unaffected.    L'on  is  converted  into  its  oxide  and 
peroxide. 

Absorption  from  the  stomach  will  be  dwelt  on  in  the 
next  chapter  ;  but  it  may  be  here  stated  that  some  sub- 
stances are  either  not  absorbed  or  are  much  changed  in 
absorption.  Thus,  if  emulsin  be  put  in  the  stomach  of 
a  dog,  and  amygdalin  in  the  veins,  no  formation  of  hydro- 
cyanic acid  or  injury  to  the  animal  results ;  but,  on  the  con- 
trary, if  the  emulsin  be  introduced  into  veins  and  amyg- 
dalin into  the  stomach,  rapid  poisoning  occurs.  Gentle 
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exercise  and  mental  quiet  seem  to  promote  digestion  ; 
strong  alcohol  and  metallic  salts  check  it  by  throwing 
down  the  albuminoids.  Bile  has  a  most  remarkable 
power  in  arresting  the  process,  hence  the  connexion  be- 
tween misplaced  bile  and  indigestion."  As  we  have 
seen,  foods  are  not  always  of  value  according  to  the 
amount  of  nutritive  matter  they  contain,  but  also  accord- 
ing to  their  digestibility  or  rapidity  of  assimilation. 

The  time  occupied  by  the  digestion  of  an  ordinary 
meal  was  said  by  Beaumont  to  range  between  2f  to  4 
hours,  fish  and  veal  being  the  extremes.  More  accurate 
knowledge  may  be  obtained  by  the  plan  invented  by 
Blondlot  of  making  fistula  in  animals,  and  disease  has 
produced  an  admirable  subject  for  experiment,  as  ob- 
served by  Busch,  who  met  with  a  case  of  jejunal  fistula. 
His  results  are  shown  in  the  following  table : 


Appeared  in 
5linutes. 

Weight  changed 
from  1  to 

Proportion  of 
solids  changed 
from  1  to 

2-73 

0-76 

Flesh  

26 

1-73 

0-85 

Cabbage  

17 

0-91 

0-58 

15 

0-7 

0-53 

12 

1-2 

0-49 

Much  fat,  as  in  nuts,  mushrooms,  and  many  meats,  is 
indigestible  ;  and  thus  the  flesh  of  wild  animals,  as  veni- 
son, containing  least  of  it,  are  most  digestible.  Some 
matters,  as  vegetable  husks  and  skins,  and  yellow  elastic 
tissue,  pass  quite  unaltered,  while  bones  are  acted  on, 
their  salts  being  dissolved  by  the  acid. 

Besides  rumination,  or  voluntary  return  of  the  food  to 
the  mouth,  which  characterizes  a  great  class  of  animals, 
and  has  been  seen  in  man,  the  food  may  leave  the  sto- 
mach by  vomiting,  or  gases  may  be  evacuated  in  vast 
quantity  by  eructation.  The  mucous  surface  seems  to 
secrete  gas  in  some  cases,  especially  in  old  persons  of 
weak  digestion,  or  fermentation  may  evolve  it,  if  it 
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occurs  instead  of  mere  digestive  catalysis.  Gases  escape 
raost  readily  when  the  body  is  erect,  as  they  rise  to  the 
cardiac  orifice.  Fresh  powdered  charcoal,  which  has 
great  absorbent  power  for  gases,  I  have  found  gives  much 
relief  in  such  cases. 

The  Act  of  Vomiting  is  accomplished  by  the  stomach 
contracting  while  the  cardiac  orifice  is  open,  the  pyloric 
closed,  so  that  it  will  not  let  fluid  pass  from  the  stomach, 
but  will  from  duodenum,  as  seen  in  hernial  vomiting. 
The  abdominal  muscles,  also,  press  the  stomach  against 
the  diaphragm,  which  is  fixed  and  depressed  by  a  pre- 
vious inspiration.  The  glottis  is  closed  during  vomiting, 
so  as  to  prevent  expiration,  and  a  loud,  sudden  inspi- 
ration often  succeeds  the  act.  Magendie  believed  the 
stomach  was  passive  in  vomiting,  as  he  could  produce  it 
in  a  dog,  whose  stomach  was  removed  and  a  pig's  blad- 
der substituted,  by  injecting  tartar  emetic  into  the  veins. 
However,  L'Epione  saw  the  organ  contract  vigorously 
in  a  man  whose  abdominal  walls  had  been  accidentally 
ripped  open,  and  the  same  has  been  demonstrated  by 
vivisection  on  animals.  The  muscular  action  by  which 
the  contents  of  the  stomach  and  intestines  are  forced  in 
a  reverse  dhection,  as  in  strangulated  hernia,  is  usually 
considered  antiperistahc,  or  the  opposite  of  the  normal 
course.  Br.  Brinton  regards  this  explanation  unneces- 
sary, as,  if  there  be  an  obstruction,  the  ordinary  pres- 
sure will  force  the  fluid  back  through  the  centre  of  the 
tube,  as  if  one  used  a  perforated  piston.  If,  however, 
the  oesophagus  be  removed  from  an  animal  into  whose 
veins  tartar;  emetic  has  been  injected,  the  vermicular 
action  is  found  to  be  towards  the  mouth.  All  excitants 
to  vomiting  act  on  the  nervous  centres  or  periphery — 
thus,  the  sight  or  smell  of  a  disgusting  object,  irritation 
of  the  medulla  oblongata,  mechanical  irritants  in  the  sto- 
mach, as  mustard  or  salt,  emetics  absorbed  or  injected, 
and  tickling  the  fauces,  are  either  dkect  or  reflex  provo- 
cants  of  the  act. 
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Stomachic  digestion,  we  have  seen,  is  mainly  that  of 
plastic  food,  and  the  resulting  fluid,  the  chyme,  chiefly 
consists  of  fat,  perhaps  sugar,  any  starch  unchanged  by 
saliva,  and  indigestible  residue. 

Intestinal  Digestion,  which  is  chiefly  of  calorific  food, 
begins  in  the  duodenum,  two  fluids,  bile  and  pancreatic 
juice,  usually  through  the  same  opening,  being  poured 
on  the  food.  The  liver  and  bile  will  be  found  described 
in  another  chapter,  but  we  shall  here  mention  its  uses 
in  digestion,  which  are  much  less  important  than  formerly 
supposed.  We  have  seen  that  it  arrests  chemical  change 
in  the  stomach,  and,  in  the  same  way,  it  checks  decom- 
position of  the  albuminoids,  and  thus  prevents  greater 
foetor  in  the  faeces.  It  may  neutralize,  by  its  alkali 
(which,  however,  is  very  scanty)  the  acidity  of  the  chyme, 
and  is  thought  to  stimulate  the  intestines,  being  often 
termed  "  nature's  purge."  Foetor  and  constipation  are 
certainly  symptoms  of  jaundice.  Its  main  use  is  to 
promote  osmose  by  rendering  the  walls  of  the  vessels 
more  permeable  to  fat,  for  if  a  capillary  tube  be  wetted 
with  bile,  it  will  be  found  that  oil  will  rise  six  or  eight 
times  higher  in  it  than  if  dry  or  wetted  with  water.  The 
detergent  and  saponifiable  properties  of  gall  are  well 
known  to  scom-ers.  Although  it  has  then  no  direct  di- 
gestive action  it  is  not  merely  excrementitious,  as,  if  ex- 
cluded from  the  intestines  of  dogs,  and  yet  perfectly 
excreted  by  a  fistula,  they  die  emaciated,  no  fat  being 
absorbed.  All  the  constituents  of  the  bile  are  not  found 
in  the  faeces,  as  their  amount  of  sulphur  is  not  increased, 
but,  like  gastric  juice,  it  is  being  secreted,  absorbed,  and 
re-secreted  by  a  kind  of  circulation. 

The  Pancreas  is  a  flat,  pinkish-white  gland  placed 
across  the  second  lumbal-  vertebra,  about  7  inches  long, 
3  broad,  1  or  2  thick,  and  about  8  oz.  in  weight.  It 
resembles  the  salivary  glands  so  much  as  to  be  named 
"the  abdominal  salivary  gland,"  as  it  is  lobulated,  in- 
capsulated  merely  by  areolar  tissue,  and  has  no  special 
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or  single  artery.  It  differs  in  being  single,  in  having 
its  duct  all  througli  it,  and  in  its  secretion.  Its  struc- 
ture, relations,  and  abundant  supply  of  blood,  as  well  as 
that  of  some  other  digestive  viscera,  is  shown  in  the 
annexed  figure.  Mercury  injected  shows  that  the  gland 
is  composed  of  lobules,  which  are  coecal  terminations  of 
the  minute  branches  of  the  common  duct  connected  by 


The  solid  organs  exposed  by  turning  u/juards  the  stomach.  1.  Ili^lif  Lobe  of 
Liver.  2.  Ga/l  lUadder.  3.  Left  Lobe  of  Liver.  4,  5.  Stomach.  C. 
(Esophagus  and  Cardiac  Orifice.  7.  Spigelian  Lobe  of  Liner.  8,  8. 
Crura-.  9.  I'yhiric  Orifice.  10,  10.  Superior  transne'rse  and  inferior 
transnerse  portions  of  Duodenum.  11,  11,  11.  Head,  body,  and  tail  of 
Pancreas. 

areolar  tissue,  and  all  lined  by  the  peculiar  secreting 
cell.  The  duct,  which  was  discovered  by  Wirswufhiit, 
passes  from  tail  to  head,  one-third  from  the  posterior 
surface,  receiving  its  tributaries  at  right  angles,  like  the 
legs  of  a  centipede,  and,  joining  the  bile  duct,  opens 
into  the  lower  part  of  the  vertical  division  of  the  duode- 
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num.  The  gland  exists  in  all  vertebrates,  save  perhaps 
some  fishes — the  shark,  ray,  and  some  osseous  fishes 
having  it,  and  the  pyloric  appendages  of  others  being 
analogous. 

The  secretion  may  be  obtained  by  rapidly  inserting  a 
tube  into  the  duct  of  a  dog  after  it  has  been  fully  fed. 
It  is  a  colourless,  viscid,  or  syrupy  fluid,  frothing  on 
being  shaken  ;  has  a  sp,  gr.  of  I'OlO,  and  is  always 
alkaline.    Every  drop  of  it  is  changed  into  a  solid  mass 
by  heat,  nitric  acid,  alcohol,  and  some  salts,  becoming 
fluid  again  by  adding  an  alkali.    If  the  mass,  soHdified 
by  heat  or  alcohol,  be  dried,  it  will  dissolve  in  water, 
thus  differing  from  albumen — which,  however,  Tiecle- 
inann  and  Ginelin  said  was  present  to  the  amount  of  4, 
per  cent.    This  animal  matter  is  termed  pancreatin,  or  \ 
phymatin.    It  rapidly  putrifies,  but  does  not  ferment  l 
sugar  nor  change  urea  into  carbonate  of  ammonia.  On 
mixing  pancreatic  juice  with  oil,  fat,  or  butter.,  and  agi- 
tating for  some  minutes,  a  perfect  emulsion,  like  milk, 
is  obtained.    The  odour  of  butyric  acid  is  evolved  if 
butter  be  used,  which  shows  that  some  separation  of 
fatty  acids  and  the  base  glycerin  occurs.    If  the  duct 
be  tied,  the  fat  is  passed  unabsorbed,  and  the  chyle  is 
found  colourless.    This  explains  those  cases  of  "  diarr- 
hoea adiposa"  reported  by  Dr.  Bright,  and  produced  by 
diseased  pancreas.    The  same  action  is  shown  in  the 
rabbit,  where  the  pancreatic  opens  17  or  18  inches 
lower  than  the  bile  duct ;  if  the  animal  be  fed  on  fatty 
food,  the  upper  lacteals  will  contain  a  colourless,  the 
lower  a  white  chyle.    This  emulsifying  power  is  owing 
to  its  albuminoid  principle  enveloping  each  pai'ticle  of 
fat  with  a  cell-wall,  so  that  they  are  prevented  from 
running  together,  and  being  thus  kept  in  a  finely  divided 
state,  are  more  easily  taken  up  by  the  lacteals.   No  other 
animal  fluid  can  emulsify,  save,  perhaps,  that  of  Briin- 
ner's  duodenal  glands.    It  is  thought,  in  common  with 
saliva  and  many  solid  tissues,  as  that  of  the  gland  itself, 
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to  saccharize  starch.  That  the  pancreatic  juice,  and 
not  the  saUva,  is  the  agent  for  the  conversion  of  starch 
into  sugar  is  an  opinion  advocated  by  Pavij,  who  says 
that  the  saUva  of  dogs  has  no  saccharizing  power :  how- 
ever this  may  not  be  true  of  vegetable-feeders.  Corvimrt, 
Brinton,  and  Hadey  believe  pancreatic  juice  may  produce 
peptone  from  any  albuminous  matter  which  has  escaped 
the  action  of  gastric  juice.  This  is  probable  if  it  be- 
come acid— for  the  main  difference  between  these  diges- 
tive fluids  is  their  reaction ;  if  acid,  acting  on  nitroge- 
nized  matter ;  if  alkaline,  on  unnitrogenized. 

The  Intestines  measure  about  25  feet,  from  the  py- 
lorus to  the  anus,  the  small  intestine  being  about  20 
feet,  and  the  great  intestine,  from  the  coecum  to  the  ailus, 
about  5.    From  this  tube  there  is  always  a  diverticulum, 
the  vermiform  appendix  very  large  in  rodents,  but  of 
unknown  use.    Other  diverticula  occasionally  exist,  and 
have  been  admirably  described  by  Pro/.  Strutkers.  The 
coats  of  the  intestines  are  arranged  in  four  planes  : — 1 . 
Serous,  which  is  almost  complete  in  the  jejunum  and  the 
ileum,  partial  in  the  duodenum  and  the  great  intestine, 
and  absent  for  the  last  3  or  4  inches  of  the  rectum.  It 
is  indistensible,  so  a  loose  areolar  layer  ties  it  to  (2)  the 
muscular  coat.   This  consists  of  two  layers — a  longitudi- 
nal, best  marked  along  the  attachment  of  mesentery,  and 
a  circular,  far  more  abundant,  surrounding,  in  complete 
circles,  the  (3)  fibrous  coat,  in  which  vessels  and  nerves 
break  up  into  very  minute  and  numerous  branches,  the 
latter  presenting  frequent  ganglioform  dilatations.  4. 
The  mucous  coat,  which  is  of  the  compound  variety, 
bending  inwards  to  form  the  follicles,  or  outwards,  for 
about  the  same  distance  over  the  villi. 

The  Follicles  (with  which  Lieberkuhiis  name  is  often, 
without  reason,  connected)  are  coecal  tubes  dipping  through 
the  whole  depth  of  the  mucous  membrane,  lined  and 
almost  blocked  up  by  columnar  epithelium,  which  pro- 
duces the  intostinal  juice.    They  multiply  the  mucous 
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Epithelial  Cells  from 
jejunum. 


surface  enormously,  but  decrease  in  number  and  depth 
gradually  from  the  jejunum,  as  do  also  the  valvulas  conni- 
ventes.  These,  which  are  so  called  because  they  flap  or 
wink  like  the  eye-lids,  are  permanent 
folds  of  the  fibrous  coat,  doubly  covered 
by  mucous  membrane,  whose  surface 
they  thus  much  increase.  They  pass 
somewhat  spirally  round  the  gut  for  about 
three-fourths  of  its  calibre,  and  project 
into  its  cavity  a  quarter  or  half  an  inch. 
The  "Villi  are  like  everted  follicles,  giving  the  mem- 
brane its  velvety  character,  and  increasing  gradually 
from  the  duodenum  to  the  jejunum,  where  10,000 
have  been  counted  on  the  square  inch.  Thence  they 
gradually  get  fewer,  and  cease  on  the  surface  of  the 

coecal  valves  towards  the  ileum. 
They  are  slightly  tapering,  and 
about  -Jq  long.  There  is  an  ar- 
tery on  one  side,  a  vein  on  the 
other,  joined  by  a  capillary  flex- 
us  of  astonishing  minuteness  sur- 
rounding a  branching  lactael. — 
These  vessels  are  supported  by 
a  fine  areolar  tissue  filled  with 
granules,  which  gradually  de- 
velop into  cells  towards  the  free 
end  of  the  villus.  When  active, 
a  .  villus  becomes  opaque  and 
turgid  with  blood,  and  under 
prolonged  fasting,  shrivels  up. 
Kdlliker  has  discovered  in  them 
a  layer  of  muscular  tissue  con- 
tinued from  the  intestine.  It 
may  force  onward  the  chyle.  lu 
the  duodenum  alone  are  Br  tower  s 
glands,  which  are  racemose,  like 
^aZfoffviul        salivary  or  pancreatic  glands, 
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the  latter  of  which  they  closely  resemble  in  function  and 
structure,  save  that  they  are  spread  out  under  the 
mucous  membrane  of  the  upper  part,  and  the  concavity 

of  the  gut  especially. 

The  Gland  Cells.— Throughout  the  whole  canal  are 
found  glands,  or  rather  shut  cells,  of  a  shape  aptly  com- 
pared to  an  India-rubber  bottle,  with  the  broader  end 
set  in  the  areolar  coat.  They  appear  the  size  of  a  mus- 
tard seed  when  viewed  by 
holding  the  gut  up  to  a 
strong  light.  Some  are 
scattered  singly  (glandulse 
solitariag),  some  grouped 
(glandulse  agminatae),  into 
about  18  or  20  oval 
patches,  2  or  3  inches  long, 
chiefly  found  in  the  ileum. 
The  latter  are  usually 
named  after  Peyer,  who 
accurately  described  them ; 
but  they  were  previously 

mentioned  by  GreiV  before  Peyerian  aland  kulf  set  m  submucous 
+^^/^  T?/^T-r.l  qA/>i'/^+tt  r^f  T  r^-.         Ussue,  surromulcd  by  two  of  tliej'ol- 

the  Koyal  bociety  oi  hon-  ^^.^  depression 

don.    Allen  Thompson  de-  ^'■e'^       ''''''  andfoiucks  are 

•1       .  7.  , ,  seen  around  it. 

scribes  m  many  ot  them  a 

muscular  pupil- like  opening,  as  if  they  had  burst  and 
discharged  their  contents.  They  often  lie  in  the  angle 
made  by  the  dividing  of  a  vessel  which  forms  a  plexus 
about  them,  and  sends  loops  into  them — as  in  the  spleen 
cells  represented  further  on,  which  they  seem  to  most 
closely  resemble.  Such  cells  may  be  found  also  in  the 
liver.  They  were  formerly  supposed  to  produce  the  in- 
testinal juice,  but  they  are  much  more  probably  absor- 
bent organs,  in  which  chyle- cells  or  molecular  base  may 
be  elaborated,  such  being  much  more  abundant  in  lac- 
teals  coming  from  near  the  Peyerian  patches.  They  are 
;dso  said  to  confer  the  peculiar  odour  on  the  faeces ;  and 
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it  ^ay  be  that  decomposing  matters  and  animal  poisons 
are  eliminated  by  them. 

Schmidt  guesses  that  about  10  ounces  of  intestinal  juice 
is  poured  out.  We  have  no  information  as  to  its  com- 
position, but  is  supposed  to  act  on  starch,  which  it  sac- 
charizes,  either  if  mixed  with  it,  or  if  confined  in  a  loop 
of  intestine.  It  acts  on  fat  and  albuminoids,  as  they  are 
certainly  assimilated  if  introduced,  as  in  nutritive  ene- 
mata.  The  bowels  are  constantly  undergoing  a  ver- 
micular action,  which  can  be  readily  seen  by  opening 
the  abdomen  of  a  rabbit  lately  fed.  The  animal  should 
be  rendered  insensible  by  a  blow  over  the  medulla  ob- 
longata. The  contractions  proceed  downwards,  the  gut 
being  distended  by  food  below  the  constriction,  and  also 
above  as  relaxation  succeeds.  In  man,  wounds  and  gi-eat 
emaciation  of  the  parietes  have  rendered  them  visible, 
Electricitv  much  increases  these  motions,  which  are  or- 
dinarily  excited  by  the  contact  of  food  acting  on  the 
sympathetic,  and  perhaps  by  the  distension  of  the  mus- 
cular fibres  by  gas.  The  intestinal  gases  vary,  as  shown 
by  the  following  table,  in  various  parts  of  the  digestive 
canal : 

Small  Expelled 
stomach.    Intestine.     Colon,   by  Anus. 


Nitrogen                      71-45  20-08  51-03  1-40 

Oxygen                       11-00  _       _  — 

Carbonic  acid                14-00  24-39  43-50  44-5 

Hydrogen                      3-55  55-53      —  25-8 


Carburetted  hydrogen.  —  —  5-47  15-5 
Sulphuretted  hydrogen.     —       —        —  1*0 

This  last  gas  is  often  eructated  in  osaluria.  The  ner- 
vous system  seems  to  influence  the  secretion  of  gas. 
They  often  distend  the  intestines  in  hysteria  and  fevers 
(meteorism).  In  the  coecum,  or  first  portion  of  the  gi-eat 
intestine,  an  acid  juice  is  poured  out,  but  how  far  it  may 
efi"ect  any  digestive  action,  is  unknown.  After  this,  the 
alimentary  mass  is  destitute  of  any  nutritive  material, 
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and  all  future  provisions  are  for  its  expulsion.  As  the 
fteces  pass  down  the  great  intestine,  they  become  more 
solid,  are  moulded  to  the  shape  of  the  gut,  and,  lastly, 
remain  in  the  rectum  for  deftecation. 

In  the  lower  Bowel  the  faces  do  not  bear  on  the  anus 
constantly,  but  are  supported  by  3  valves,  described  first 
by  Houston.  One  is  found  at  the  beginning  of  the  gut, 
a  second  about  the  middle  of  it,  and  a  third  lies  about  3 
inches  from  the  anus.  They  act  like  "shelves  to  pack 
the  fteces  on,"  and  when  the  bowel  is  empty,  may  be 
so  close  as  to  render  the  introduction  of  a  bougie  diffi- 
cult. 

The  external  and  internal  sphincters  keep  the  lower 
end  of  the  rectum  closed  till  they  are  overcome  by  the 
detrusive  efforts  of  the  intestine,  assisted  by  the  diaph- 
ragm, abdominal  muscles,  and  other  muscles  which  act 
in  expii'ation.  The  sphincters  are  kept  closed  by  toni- 
city and  the  absence  of  any  direct  antagonistic,  rather 
than  by  constant  muscular  action,  which  should  tire. 
The  rectum  pours  out  thick  mucus,  which  lubricates, 
and  so  facilitates  the  expulsion  of  the  faeces.  The  desire 
for  evacuation  of  the  contents  of  the  gut  is  usually  ex- 
cited by  its  distension ;  but  greater  bulk,  or  irritating 
qualities  of  the  mass,  or  an  over- sensitive  state  of  the 
mucous  membrane,  may  render  the  act  a  reflex  one. 

Habit  has  much  to  do  with  the  frequency  of  defasca- 
tion,  as  shown  by  the  two  instances  related  bv  He- 
berden  —  one  mdividual  having  a  motion  habitually 
but  once  a-month,  and  another  who  had  one  twelve 
times  daily  for  thirty  years.  A  distinguished  surgeon  of 
this  city  has  informed  me  of  a  remarkable  instance  of 
the  influence  of  habit  over  defecation :  a  clerk  in  a 
pubhc  office  went  to  stool  on  every  week-day  at  a  cer- 
tain hour  at  his  place  of  business,  but  was  never  able  to 
free  his  bowel  on  Sunday.  A  healthy  man  passes 
daily  about  five  or  six  ounces  of  soHd  faeces,  there  being 
much  more  on  a  vegetable  than  on  an  animal  diet.  The 
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remains  of  the  food  which  are  found  in  the  faeces  are  in 
a  highly  oxodized  condition,  and  Liehig  has  given  the 
characters  and  odours  of  faeces  to  food  by  fullj'  oxidiz- 
ing it  with  liquor  potassae.  Their  smell,  which  is  not 
very  dissimilar  from  that  of  blood  and  skin,  and  their 
colour  are  mainly  derived  from  the  bile.  The  micro- 
scope discovers  disintegrated  muscular  fibres,  cartilage 
cells,  elastic  tissue,  fat  cells,  spiral  vessels  of  vegetables, 
mucus,  and  the  ammonio-maguesian  phosphate,  which 
salt  was  once  believed  to  occur  only  in  cases  of  typhus 
fever.  Only  \  of  the  bile  the  liver  secretes  is  discharged 
by  this  channel.  On  analysis,  Berzelius  found  solid  ex- 
crement to  consist  of 

Water   75-3 


Bile  

Albumen  

Peculiar  extractive  

Salts  

Insoluble  residue  of  food  

Mucus,  fat,  bile-resin,  and  peculiar 
animal  matter  


0-9 

0-  9 
2-7 

1-  2 
7-0 

14-0 


Much  of  the  matter  introduced  into  the  alimentary 
canal  is  removed  by  other  channels,  as  shown  by  Banal, 
who  performed  experiments  on  himself  to  determine  the 
daily  amount  of  ingesta  and  egesta.  His  results  are 
given  in  ounces  : 

INGESTA. 

Solid  Food.      Liquid.  O.xygen. 

July   24-4       59-7  27-42 

December   39-2       57-9  37-44 


Water  by 
Skin  and  Lungs. 

July..  ..40-27 
Dec  45-43 


EGESTA. 

Carbonic 
Acid. 

31-34 
43-32 


Urine. 

36-14 
39-97 


Faeces. 

2-66 
5-00 


Nasal 
Secretion. 


19 
•75 
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QUESTIONS  FOR  EXAMINATION. 
JUNIOR. 

1.  What  divisions  of  food  have  been  adopted  ? 


2.  In  what  regions  are  saccharine  and  fatty  foods,  respectively, 
adopted  by  man  ? 

3.  Arrange  a  list  of  ordinary  foods  in  the  order  of  their  nutri- 
tive qualities. 

4.  State  some  of  the  effects  of  cooking  on  flesh,  and  the  best 
methods  of  extracting  soups. 

5.  Describe  the  vaiieties  of  bread  and  the  relative  nutritive 
value  of  each. 

6.  Wliat  ideas  have  been  entertained  as  to  the  proximate  cause 
of  hunger  ? 

7.  Enumerate  the  stages  of  digestion. 

8.  Describe  the  structures  which  form  the  crown  of  a  tooth. 

9.  State  the  composition  and  uses  of  saliva. 

10.  Enumerate  the  coats  of  the  stomach  and  describe  the  most 
internal. 

11.  What  uses  have  been  assigned  to  the  pancreatic  juice  ? 

12.  How  are  the  gland  cells  of  the  small  intestines  aiTanged,  and 
what  ideas  ai'e  entertained  as  to  their  pui'pose  ? 

SENIOR. 

1.  Cite  the  arguments  for  and  against  the  statement  that  alcohol 
is  respiratoiy  food. 

2.  State  some  of  the  advantages  of  retaining  the  blood  in  flesh- 
meat. 

3.  Adduce  some  instances  showing  the  need  of  a  mixed  dietary. 

4.  By  what  physiological  principles  should  the  times  of  meals 
be  regulated  for  adults  and  chilch-en  ? 

5.  State  the  symptoms,  post  mortem  appearances,  and  time  of 
death  in  case  of  starvation. 

6.  What  proofs  can  you  offer  that  thirst  is  not  merely  a  local 
sensation  ? 

7.  Describe  mucous  membrane  and  state  where  each  variety  of 
epithelium  occm-s. 

8.  Detail  Goodsir's  observations  on  the  development  of  teeth. 

9.  Describe  the  modes  in  which  solids  and  fluids  are  swallowed. 

10.  From  what  cases  have  physiologists  obtaiued  most  informa- 
tion on  the  subject  of  stomachic  digestion  ?  detail  some  of  the  ob- 
servations. 

11.  Describe  the  structure  and  functions  of  the  villi. 

12.  Give  the  composition  of  the  gaseous  and  solid  aliraentarv 
cxcreta 
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ABSOKPTION. 

Absorption,  by  which  fluids  are  introduced  into  the 
vascular  system,  depends  on  the  laws  of  capillary  attrac- 
tion.   The  phenomena  called  endosmose  and  exosmose 
are  also  examples  of  the  same  widely  appHed  principle, 
for  the  pores  through  which  the  fluids  interchange  are 
but  short  capillary  tubes.    If  a  fine  tube  be  placed  in 
water,  that  fluid  will  rise  within  it  to  a  height  propor- 
tional to  the  fineness  of  its  calibre  ;  and  if  the  tube  be 
broken  off  just  where  the  water  has  risen,  it  will  not 
overflow,  but  if  removed  by  any  means,  will  be  succeeded 
by  a  fresh  portion.    This  form  of  attraction  depends,  it 
would  seem,  on  conditions  of  electric  or  chemical  affinity, 
as  mercury  will  not  rise  within  the  tube,  and  oil  will  rise  • 
very  much  higher  if  the  tube  be  previously  wetted  with  . 
bile,  which  is  therefore  said  to  promote  absorption. . 
Tubes  will  also  take  up  fluids  more  easily  if  they  have  • 
been  carrying  the  same  fluid  before  and  are  still  wetted  i 
with  it,  and  this  may  explain  what  is  often  regarded  as  •> 
a  power  of  selection.    The  wick  of  the  oil  lamp  illus-- 
trates  many  of  the  facts  we  have  been  stating;  the 5 
spaces  between  the  threads  are  so  many  capillary  tubes, , 
which  when  filled  do  not  overflow ;  but  if  the  oil  be  re-  - 
moved,  as  by  burning  when  the  lamp  is  lighted,  a  con-  - 
tinuous  current  is  produced.     Again,  if  the  wick  be? 
soaked  with  water  or  oil,  and  placed  in  both  liquids,  one  a 
above  the  other,  it  will  only  take  up  that  with  which  itt 
was  previously  wetted,  thus  showing  a  kind  of  selective  a 
absorption.    Water  will  pass  through  tubes  or  crevices 8 
so  fine,  as  not  to  be  perceived  by  the  microscope  eveni 
those  -5  0  0^0  0  0     diameter ;  but  if  the  water  be  impreg-:- 
nated  with  various  substances,  its  ready  transmissiona 
will  be  prevented.     Albumen,  gelatin,  sugar,  alcohol,!, 
salts,  &c.,  act  in  this  way,  in  degree  according  to  thee 
order  mentioned.    It  was  Dutrochet  who  first  found  thati 
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fluids  would  permeate  animal  membranes,  in  both  a 
current  inwards  and  outwards,  which  he  respectively 
termed  endosmose  and  exosmose.    He  likewise  con- 
structed an  instrument  which  indicates  and  measures  the 
passage  of  the  fluids.    This  endosmometer  consists  of  a 
glass  tube  closed  at  one  end  by  animal  membrane,  or 
any  porous  matter,  as  plaster  of  Paris ;  the  tube  was 
filled  with  one  liquid  and  then  placed  in  another  of  dif- 
ferent specific  gravity,  when  the  rapidity  of  the  inter- 
change was  a  measure  of  the  "  endosmotic  force."  He 
thought  that  the  two  liquids  having  different  specific 
gravities,  the  process  went  on  till  they  became  equalized, 
by  the  rarer  one  passing  out  and  the  denser  in  ;  but  if 
alcohol  be  placed  internally  and  water  externally,  the 
latter,  the  heavier  fluid,  will  pass  in,  which  it  will  also 
do  if  it  become  the  lighter  fluid,  gum  solution  being  sub- 
stituted for  alcohol.    Graham  regards  endosmose  as 
rather  dependent  on  electro -chemical  action,  and  it  is 
so  powerful  that  it  will  occur  in  resistance  to  great  pres- 
sure, which,  however,  may  be  sometimes  an  aiding  force. 
The  size  of  the  pores,  the  natm-e,  thickness,  and  physi- 
cal states  of  the  separating  membrane,  as  well  as  the 
nature  of  the  fluids,  produce  great  variety  in  the  process 
of  endosmose.    That  distinguished  philosopher  has  ap- 
plied these  facts  to  a  method  of  separating  bodies  in 
solution,  which  he  terms  "dialysis."  Those  substances 
which  readily  pass  through  animal  membranes  he  calls 
"  crystalloids" — such  are  hydrochloric  acid  and  common 
I  salt ;  those  which  refuse  to  dialyse  he  terms  "  colloid," 
1  and  most  of  the  plastic  materials  of  which  the  body  is 
built,  as  albumen  and  gelatin,  belongs  to  this  group. 
It  is  possible  to  ascertain  the  time  which  any  given  sub- 
stance will  take  to  difl'use,  and  in  the  words  of  Prof. 
\Galloway,  "such  a  constant  must  enter  all  chronic 
phenomena  of  physiology,  and  that  it  holds  a  place  in 
Ivital  science  not  unlike  the  time  of  the  falling  of  heavy 
Ibodies  in  the  physics  of  gravitation."    Most  physiologi- 
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cal  processes,  as  secretion,  nutrition,  respiration,  as  well 
as  the  introduction  of  poisons,  the  action  of  purgatives, 
&c.,  depend  on  the  principles  we  have  been  endeavour- 
ing to  explain. 

Absorption  may  be  either  venous  or  lymphatic,  and 
will  be  most  conveniently  described  under  the  heads  of 
Alimentary  and  Lymphatic.  Ulcerative,  progressive, 
and  interstitial  absorption,  as  described  by  Hunter,  are 
morbid  processes,  and  will  be  hereafter  alluded  to.  We 
have  already  seen  that  most  of  the  nutritive  matters  of 
the  food,  when  converted  into  the  soluble  form  of  pep- 
tone, are  removed  from  the  cavity  of  the  stomach  by  the 
veins  which  so  abundantly  ramify  in  its  mucous  mem- 
brane. The  rapidity  of  this  removal  varies  with  a  replete 
or  an  empty  state  of  the  blood  vessels  and  stomach. 
Erichsen  found  that  it  took  39  minutes  for  ferro-cyanide 
of  potassium  to  appear  in  the  urine,  if  the  stomach  into 
which  the  salt  was  introduced  was  full  of  food ;  whereas 
it  appeared  in  the  almost  incredible  space  of  1  minute  if 
the  stomach  was  empty.  He  performed  his  well-known 
experiments  on  an  individual  whose  bladder  opened  on 
the  anterior  abdominal  wall  (ectropia  vesicae),  as  he  could 
examine  the  urine  the  moment  it  trickled  from  the 
ureters.  As  intimately  connected  with  stomachic  absoi'p- 
tion,  we  shall  briefly  allude  to  the  actions  of  medicines, 
which  have  been  admirably  investigated  by  Headland, 
whose  results  are  shown  in  the  following  propositions  : 

1.  "  That  the  great  majority  of  medicines  must  obtain 
entiT  into  the  blood  or  internal  fluids  of  the  body  before 
their  action  can  be  manifested,"  A  vascular  connexion 
is  therefore  necessary  for  the  passage  of  the  medicine, 
and  will  sufiice  when  nerves  and  other  tissues  are  severed. 
The  enormous  rapidity  of  the  action  of  some  poisons  will 
be  understood,  when  it  is  remembered  that  Blake  found 
chemical  substances  could  be  transferred  through  the 
circulation  of  a  dog  in  9  seconds. 

2.  "  That  the  great  majority  of  medicines  are  capa- 
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ble  of  solution  in  the  gastric  or  intestinal  secretions, 
and  pass  without  material  change,  by  a  process  of  ab- 
sorption, through  the  coats  of  the  stomach  and  intes- 
tines, to  enter  the  capillaries  of  the  portal  system  of 
veins."  Saline  purgatives  would  form  an  exception,  if, 
as  Poisseuille  stated,  they  acted  by  making  the  serum 
of  the  blood  ooze  out  as  the  saline  solution  of  higher 
specific  gravity  passed  along.  Headland  has  opposed 
this  theory  with  many  ingenious  arguments  and  experi- 
ments, and  shown  that  dense  solutions  will  pass  through 
a  membrane  to  a  lighter  one  (as  we  have  stated  with  re- 
gard to  water  and  alcohol),  and  that  solutions  of  low 
specific  gravity  will  produce  purging. 

3.  **  That  those  medicines  which  are  completely  in- 
soluble in  water,  and  in  the  gastric  and  intestinal  juices, 
cannot  gain  entrance  into  the  circulation."  (Esterlen, 
however,  states  that  finely  powdered  charcoal,  if  given 
to  rabbits,  will  pass  through,  and  can  be  found  by  the 
microscope  in  the  blood  of  the  porta.  No  such  results 
have  been  obtained  after  carefully  conducted  experiments. 
The  structureless  basement  layer  of  mucous  membrane 
would  seem  to  be  impermeable  to  solids,  however 
minutely  pulverized. 

4.  That  some  few  remedial  agents  act  locally  on 
the  mucous  surface,  either  before  absorption  or  with- 
out being  absorbed  at  all,"  as  irritant  emetics  or  ca- 
thartics, and  superficial  stimulants,  sedatives,  or  astrin- 
gents. 

5.  "  That  the  medicine  when  in  the  blood  must 
permeate  the  mass  of  the  circulation,  so  far  as  may 
be  required  to  reach  the  parts  on  which  it  tends  to 
act." 

6.  **  That  while  in  the  blood  the  medicine  may  undergo 
change,  which  in  some  cases  may,  in  others  may  not, 
afiect  its  influence" — such  as  combination,  as  when  an 
alkali  unites  with  acid  of  the  gastric  or  intestinal  juices  ; 
reconstruction,  as  when  tannic  acid  changes  into  gallic ; 

7 


98 


ACTIONS  OF  MEDICINES. 


benzoic  into  hippuric  acid ;  or  decomposition,  as  when 
the  salts  of  vegetable  acids  are  decomposed,  rendering 
the  urine  alkaline,  as  explained  by  Wdhler. 

Dr.  Headland  classifies  and  indicates  the  action  of  the 
most  important  medicines  under  the  following  heads  : 

I.  Hsematics.  They  act  while  in  the  blood,  which  they 
influence  permanently — either  by  restoring  a  deficient 
material  (restoratives,  as  iron  in  chlorosis)  or  by  coun- 
teracting a  morbid  material  or  process  (catalytics,  as 
mercury  in  syphilis). 

II.  Neurotics,  which  act  on  the  nervous  system,  either 
exalting  its  force  (stimulants,  as  ammonia),  exciting  its 
powers,  to  be  followed  by  their  depression  (narcotics,  as 
opium),  or  depressing  them  directly  (sedatives,  as  hydi'o- 
cyanic  acid). 

III.  Astringents,  which  act  by  causing  contraction  of 
the  tisuses  composed  of  albuminoids,  especially  muscu- 
lar fibre,  as  tannic  acid. 

IV.  Eliminatives,  which  act  by  exciting  to  increased 
secretion  the  glands  whereby  they  pass  away.  Such  are 
sialogogues,  which  increase  saliva,  as  mercury,  iodine, 
betel ;  expectorants,  which  increase  bronchial  mucus,  as 
tartar  emetic,  hippo,  squills ;  cathartics,  which  increase 
intestinal  fluids,  as  jalap,  elaterium,  sulphate  of  mag- 
nesia ;  cholagogues,  which  increase  bile,  as  mercmy, 
manganese,  taraxacum ;  diaphoretics,  which  Lucrease  per- 
spiration, as  antimony,  nitre,  guaiacum  ;  and,  lastly, 
dim'etics,  which  increase  urine,  as  water,  salines,  cantha- 
rides. 

That  many  substances  have  their  poisonous  action 
destroyed  by  the  action  of  the  stomach  is  shown  by  many 
animals  feeding  on  wourali,  so  fatal  if  inserted  into  a 
vein.  The  poison  of  the  viper  does  not  injm-e,  it  is  said, 
snakes,  tortoises,  leeches,  &c. 

The  peptone  and  sugar  being  removed  from  the  food, 
the  acidity  of  which  promotes  osmose  towards  the  alka- 
line blood  or  chyle,  there  still  remains  to  be  absorbed 
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the  fat,  which  is  gradually  taken  up  by  the  villi  along 
the  small  intestine. 

The  Lacteals,  the  vessels  the  villi  contain,  were  dis- 
covered, in  1622,  by  Asselli,  in  the  mesentery  of  a  dog 
which  he  had  fed  on  fatty  food.  He  thought  they  ended 
in  the  vena  portae.  They  begin  by  a  branching  tube  in 
the  villi,  which  may  be  com- 
pared to  the  spongioles  of  the 
root  of  a  plant.  The  finely 
divided  or  emulsified  fat  is 
taken  up  by  the  epithelial  cells, 
and  transferred  to  the  lacteal 
within  the  villus,  as  Weber 
beheves ;  whereas  Goodsir 
thought  the  epithelium  was 
shed  before  absorption,  and  it 
was  once  believed  that  the  lac- 
teals began  by  open  mouths 
That  fat  is  chosen  was  said 
indicate  a  selective  power 
it  is  merely  because  fat 


thus  more  readily  absorbed 
than  other  fluids.  We  have 
before  mentioned  that  Peyer's 
glands  seem  connected  with  nu- 
tritive absorption.    A  patch 


A  Peyerian  patch. 

of  them  is  here  represented,  and  they  are  described 
at  page  89.  The  chyle  flows  through  the  lacteals  at 
very  inconstant  rates,  but  Cruikshank  stated  its  velo- 
city as  4  inches  per  second.  It  passes  nest  through  the 
mesenteric  glands,  where  more  fibrin  and  cells  are  deve- 
loped, and  is  poured  by  6  or  6  trunks  into  the  thoracic 
duct.  Pecquet,  by  vivisection— for  he  condemned  dis- 
section as  a  "  mute  and  frigid  science" — fii'st  demon- 
strated this  duct.  It  courses  through  the  posterior  me- 
diastinum and  opens  into  the  left  subclavian  vein,  re^ 
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ceiving  all  the  lymphatics,  save  those  of  the  right  side  of 
the  head,  and  the  neck,  and  the  upper  extremity,  which 
open  by  the  right  lymphatic  duct  of  Steno  into'  the  right 
subclavian  vein.  What  is  termed  the  anterior  thoracic 
duct  is  but  a  lymphatic  from  the  hver  passing  behind  the 
sternum.  Through  the  lacteal  system,  while  fasting, 
ordinary  lymph  is  passing,  from  which  chyle  differs  by 
the  amount  of  fat ;  but  the  fibrin  and  other  materials 
are  not  increased  by  the  digestion  of  food. 

Many  other  matters  are  absorbed  rather  by  veins  than 
lacteals,  such  as  salts,  poisonous  substances,  &c. — a  view 
so  fully  argued  by  Hunter  and  Monro.  Panizza  proved 
it  by  placing  hydrocyanic  acid  in  a  fold  of  gut  in  a  living 
horse,  after  having  separated  the  vein  leading  from  it. 
As  long  as  he  kept  the  vein  compressed,  no  efiect  oc- 
curred ;  but  when  the  pressure  was  removed,  the  ani- 
mal was  poisoned,  and  some  of  the  blood  extracted  from 
the  vein  contai^ied  the  poison.  Similar  experiments 
were  performed  on  the  leg,  all  but  the  vein  being  divided, 
and  lest  it  might  be  the  absorbents  in  the  coats  of  the 
vein  which  carried  up  the  acid,  a  tube  was  placed  be- 
tween two  divided  portions  of  it.  Waller  found  the  poi- 
son was  much  more  rapidly  absorbed  if  the  sciatic  nerve 
were  divided.  The  chyle  is  moved  upwards,  in  opposi- 
tion to  gravitation,  by  the  vis  a  tergo  which  succeeding 
portions  acquire  from  the  muscularity  of  the  villi,  the 
lacteals,  and  the  thoracic  duct,  and  the  pressure  of  the 
aorta  against  the  latter,  but  mainly  by  the  rapid  flow  of 
blood  in  the  large  vessels  into  which  it  is  poured.  Ven- 
turi  proved  that  the  flow  through  a  capillaiy  tube  is 
much  promoted  if  it  opens  into  a  transverse  tube  in 
which  fluid  is  passing,  a  principle  apphed  to  drainage. 

The  Chyle  pom*ed  into  the  blood  gradually  disappears 
from  that  fluid  by  replacing  materials  which  have  been 
exhausted ;  but  if  dogs  are  bled  after  a  full,  fatty  meal, 
their  serum  is  found  turbid  from  fatty  chyle.  In  cases 
of  apoplexy  occurring  after  a  meal,  chylous  blood  has 
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often  been  found.  Chyle,  under  a  microscope,  is  seen 
to  contain  fat  cells,  and  cells  similar  to  the  white  ones  of 
blood  and  lymph,  and  a  "  molecular  base,"  as  Gulliver 
termed  it,  whose  particles  are  but  g^oo-  That  the 
colour  of  chyle  depends  on  the  fat  of  food,  is  shown  by 
its  being  quite  transparent  if  animals  are  fed  on  jelly. 
Bidder  and  Schmidt  calculate  that  6ft>  is  daily  poured 
into  circulation.  The  most  reliable  analysis  is  that  of 
Dr.  G.  0.  Rees,  who  obtained  chyle  from  the  thoracic 
duct  of  a  criminal  who  had  taken  two  ounces  of  bread 
and  four  ounces  of  meat  the  night  previous,  and  two 
cups  of  tea  and  some  toast  an  hour  before  execution. 
It  contained — 

Water  

Albumen  and  fibrin  

Water  extractive  

Osmazone  

Alkaline  phosphates,  chlorides,  carbonates, 

and  chlorides  and  oxide  of  iron  

Fat  


100-00 

Traces  of  sugar  can  also  be  discovered  in  chyle  and 
in  very  minute  amount  in  lymph.  The  chyle  of  lower 
animals  is  often  combined  with  blood,  and  even  in  man 
that  from  the  upper  part  of  the  thoracic  duct  is  very 
often  pink,  and  becomes  red  on  exposure  to  air.  The  fat 
gradually  decreases  ;  the  fibrin,  white  cells,  and  mole- 
cular base  increase  as  it  passes  upwards. 

The  Discovery  of  lymphatics  has  been  claimed  for 
JoUffe  and  also  for  Bartholin,  who  described  them  in 
1652.  They  spread  through  every  tissue  in  a  manner 
like  the  drainage  of  a  country.  None  have  been  demon- 
strated in  nervous  matter  or  the  organs  of  sense.  Those 
of  the  limbs  are  in  2  sets,  superficial  and  deep,  running 
along  with  the  veins  and  passing  through  axillary  and 
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inguinal  glands  to  terminate  in  the  thoracic  duct.  Their 
course  can  be  displayed  by  injection,  especially  in  a  thin 
or  dropsical  subject.  The  coats  of  lymphatics  are  trans- 
parent, and  consist  of  3  layers  :  1,  an  areolar  ;  2,  inter- 
mixed elastic  and  muscular  fibres ;  3,  an  epithelium,  com- 
posed of  spindle-shaped  cells.  Semilunar  valves  with 
their  concavity  towards  the  heart  occur  in  pairs,  and  the 
vessel  being  much  distended  above  them,  and  narrow 
below,  has  a  beaded  appearance.  A  valve  is  always 
found  where  they  enter  a  vein.  These  coats  are  elastic, 
and  contractile  in  about  the  same  degi'ee  as  veins. 
Hinjsch  long  since  asserted  he  could  inject  lymphatics 

from  blood  vessels,  and 
the  converse  has  been 
maintained,  so  that  the 
only  communication  is 
not  that  at  subclavian 
vein.  Kulliker,  whose 
representation  is  here 
copied,  describes  the 
lymphatics  as  beginning 
in  the  tissues  by  fine 
pointed  vessels,  arranged 
in  a  stellate  form,  and 
although  apparently, 
closed,  blood  cells  enter, 
perhaps  by  rupture. — 
During  impeded  respira- 

The  commencement  of  the  Lymphatics,  tiou  they  often  regurgi- 
tvith  two  Stellate  Cells  in  the  act  of  uniting.  |;a,te  iuto  lymphaticS  from 

the  veins.  The  lymph  is  moved  by  a  vis  a  tergo,  by 
the  contraction  of  the  vessels,  and,  as  discovered  by 
Muller,  by  lymph-hearts  in  reptiles  and  some  birds. 

The  absorbent  glands  are  oval,  firm  bodies  of  a  pink 
colour,  save  when  stained  by  the  absorbed  matters,  being 
thus  black  from  carbon  about  the  lungs,  yellow  from 
bile  about  the  liver,  and  white  from  chyle  in  the  mesen- 
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tery.  The  lymphatics  entering  the  gland  (vasa  inferentia) 
are  smaller  than  those  leaving  (vasa  efferentia),  which 
are  always  less  numerous,  and  there  may  be  but  a  single 
vessel.  The  outer  coat  of  the  vessels  supplies  a  capsule 
which  dips  into  the  interior  of  the  gland.  Mercury,  when 
injected,  shows  that  the  vessels  appear  to  twist  up;  and 
it  is  believed  that  the  coats  of  the  vessels  do  not  remain 
perfect  but  break  into  spaces,  freely  communicating  with 
each  other,  and  supplied  by  numerous  blood-vessels  on 
■the  outer  surface.  This  cellular  appearance  was  long 
since  noticed  by  Nuck  and  Ahernetluj.  The  epithelium 
of  the  lymphatic  spaces  in  the  gland  is  constantl}^  gene- 
rating abundant  oval  nucleated  cells,  which  Goodsir 
believes  are  shed  into  the  current  of  the  lymph.  The 


structure  of  a  Lymphatic  Gland. 


absorbent  power  of  lymphatics  is  best  shown  by  the 
imbibition  of  the  syphilitic  virus  and  of  animal  poisons, 
as  that  from  dissecting  wounds,  which  produce  tracks  of 
their  course  in  the  angioleucitis,  and  inflammation, 
hardening,  or  suppuration  of  the  glands  through  which 
they  pass.  Cinnabar  has  been  found  in  the  axillary 
glands  of  a  man  who  had  tattooed  a  figure  with  it  on  his 
arm  years  before.  The  skin  owes  its  great  absorbent 
power  to  the  lymphatics,  which  it  contains  most  abun- 
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dantly ;  it  will  take  up  water,  according  to  Madden,  who 
found  he  gained  over  half  an  ounce  in  weight  by  remain- 
ing for  half  an  hour  in  a  warm  bath ;  and  there  are 
instances  of  jockeys  becoming  heavier  in  a  moist  air. 
If  a  frog  be  kept  in  a  damp  atmosphere  it  will  become 
more  plump,  and  the  bladder  will  become  loaded.  Such 
substances  as  garlic,  madder,  gallic  acid,  are  more  readily 
absorbed  by  lymphatics  than  by  veins  in  the  skin,  as  the 
former  are  more  numerous  and  have  such  thin  coats. 

6  have  seen  the  reverse  to  hold  good  in  the  intestines. 

Lymph  is  a  colourless  fluid  consisting  of  cells  like  the 
white  blood- cells  floating  in  the  "  liquor  lymphse,"  which 
only  difiers  from  the  liquor  sanguinis  in  having  much 
less  fibrin.  This  constituent  is  increased  by  passage 
through  glands,  after  which  the  lymph  will  coagulate  if 
removed  from  the  vessels — never  while  it  remains  within 
them.  The  daily  quantity  of  lymph  and  chyle  which  is 
poured  into  circulation,  is  said  to  amount  to  28  fb  by 
Bidder  and  Schmidt,  2211)  being  the  proportion  of  the 
lymph.  From  3  to  5  fb  has  been  collected  daily  from 
a  wounded  lymphatic  in  a  horse's  foot. 

Dr.  Bees  gives  the  follovsdng  comparative  analysis  of 
lymph  and  chyle  from  the  ass  : 


Lymph.  Chyle. 

Water   96-536  90-237 

Albumen   1-200  3-516 

Fibrin    0-200  0-370 

Extractive    1-559  1-565 

Fat    a  trace  3-601 

Salts    0-585  0-711 


100-000  100-000 

The  uses  of  lymph  cannot  be  said  to  be  positively 
known.  Hunter  regarded  it  as  eflete  matter  ;  Carpenter 
thinks  it  may  be  pabulum  removed  from  one  part  for 
the  nutrition  of  some  other  part ;  thus  the  materials 
of  our  own  body,  as  well  as  the  flesh  of  other  animals, 
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may  serve  us  as  food.  Lymph  may,  perhaps,  consist 
merely  of  the  plasma  of  the  blood,  poured  out  in  tissue- 
making,  and  returning  by  a  new  channel,  and  Dr.  Graves, 
in  1828,  termed  the  lymphatics  "the  veins  of  the  white 
tissues."  The  absorbent  glands  are  thought  to  be  con- 
cerned in  the  elaboration  of  fibrin  or  white  blood-cells, 
and  it  has  often  struck  me  that  lymph  is  conveyed  to 
them  to  afi'ord  the  materials. 

QUESTIONS  FOR  EXAMINATION. 
JUNIOR. 

1.  Describe  the  process  by  which  fluids  permeate  porous  bodies. 

2.  Sketch  the  lacteal  system. 

3.  State  the  composition  and  supposed  uses  of  lymph. 

4.  In  what  tissues  and  organs  ai"e  lymphatics  most,  and  least 
abundant  ? 

SENIOR. 

1.  Detail  Graham's  discoveries  on  the  subject  of  "dialysis." 

2.  How  do  medicines  enter  the  circulation,  and  what  classifica- 
tion of  them  is  made  according  to  their  physiological  action  ? 

3.  Describe  the  chemical  and  microscopical  characters  of  chyle. 

4.  What  changes  does  lymph  undergo  in  its  passage  towards  the 
veins,  and  how  is  its  flow  in  that  dii'ection  produced  in  man  and 
other  animals  ? 


THE  BLOOD. 

By  the  two  great  processes  we  have  described  in  the 
last  chapters,  food  is  assimilated  and  added  to  the  blood, 
which  is  constantly  being  exhausted  by  the  formation  of 
tissues  and  secretions.  The  blood  annually  carries  about 
3,000  ft),  or  a  ton  and  a-half  of  pabulum  for  these  pur- 
poses, and  returns  a  like  amount  to  the  various  emunc- 
tories  by  which  effete  matter  is  discharged.  Its  com- 
position is  truly  complex,  some  40  different  substances 
being  found  in  it,  but  its  ultimate  analysis  corresponds 
closely  with  that  of  flesh.  Bordeu,  then,  justly  called 
it  "la  chair  coulante." 
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We  shall  consider  this  most  important  fluid  under  the 
following  heads :  I.  Quantity;  II.  Physical  and  micro- 
scopical characters ;  III.  Chemical  composition  ;  IV. 
Vital  properties. 

I.  The  quantity  of  blood  in  man's  body  has  been 
very  variously  stated.  Harvey  guessed  it  as  of  the 
weight  of  the  body  ;  but  Holler  more  justly  stated,  that 
judging  "  from  profuse  hemorrhagies,  there  will  be  28tt) 
of  true  red  blood  current  in  the  arteries  and  veins,  of 
which  the  arteries  contain  only  one-fifth  and  the  veins 
the  other  four."  Weber,  by  injecting,  calculated  the 
amount  to  lie  between  11  and  15  lb,  but  Valentin  adopts 
a  more  reliable  method.  He  draws  a  quantity  of  blood 
and  determines  its  per-centage  of  solid  residuum ;  he 
then  injects  a  definite  quantity  of  water  and  withdraws 
a  second  portion  of  blood,  in  which  he  ascertains  the 
loss  of  solid  constituents.  In  this  way  the  weight  of 
blood  is  counted  as  \  that  of  the  body,  which  averaging 
140  ft),  will  leave  the  amount  of  blood  at  28  ft),  the 
exact  amount  which  Haller  assigned.  The  male  body, 
which  weighs  most  at  30  years,  according  to  Quetelet, 
will  contain  more,  and  the  female  body,  which  is 
heaviest  at  50  years,  somewhat  less.  If  a  known 
quantity  of  a  harmless  and  easily  tested  salt,  as  ferro- 
cyanide  of  potassium,  be  injected  into  a  vein  and  then 
some  blood  drawn,  the  proportion  of  salt  in  it  will  also 
afford  a  rough  estimate.  This  method,  as  well  as  Va- 
lentin's, is  vitiated  by  the  rapidity  with  which  the  in- 
jected matter  may  be  removed  hj  skin,  kidney,  &c. 
Bernard  finds  that  there  is  nearly  double  as  much  blood 
about  two  hours  after  food  as  during  fasting,  or  at  least 
he  can  remove  twice  as  much  without  the  animal  dying. 
This  suggests  the  plentiful  administration  of  food  to 
those  who  may  have  to  lose  blood  in  surgical  operations 
or  warfare,  and  its  exhibition  in  diminished  and  divided 
quantity  in  plethoric  diseases. 

II.  Physical  and  Microscopical  Characters.  Blood, 
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as  it  flows  from  a  divided  vessel,  is  an  opaque,  red,  viscid 
fluid,  of  an  average  specific  gravity  of  1-055  according  to 
Nasse.  Its  reaction  is  alkaline,  and  it  emits  in  cooling 
an  odour  peculiar  to  each  species  or  even  each  individual, 
somewhat  like  that  of  the  perspiration,  and  which  is  much 
increased  by  the  addition  of  sulphuric  acid.  Blood  be- 
comes acid  when  kept  by  the  conversion  of  its  sugar 
into  lactic  acid.  It  appears  to  be  homogeneous,  but  the 
microscope  shows  that  it  consists  of  cells  floating  in  a 
fluid,  termed  the  plasma,  or  hquor  sanguinis.  The  cells 
are  of  two  kinds,  red  and  white. 

The  Eed  Cells  were  first  described  by  Malpighi,  who 
saw  them  in  the  hedgehog  and  regarded  them  as  fat 
globules.  Sivammerdamm  is  said  to  have  observed  them 
in  1658,  some  years  previous.  They  may  be  examined 
in  any  transparent  tissue,  as  web  of  frog's  foot,  or  wing  of 
bat,  or  in  a  drop  of  human  blood  if  diluted  by  any  fluid 
of  like  specific  gravity,  as  solution  of  sugar.  In  undi- 
luted blood  they  are  obscured  by  over-crowding.  Singly 
their  colour  is  yellow,  but  if  aggregated  they  give  the 
red  colour  to  the  whole  fluid.  They  are  bi-concave, 
circular  discs,  like  so  many  coins,  mea-  ^  ^  ^  ^ 
suring  on  an  average  in  diameter  #  #  #  ® 
and  ^  of  that  in  thickness,  or  Toag^  •  ^  B 
They  are  then  so  minute,  that  it  is  cal- 
culated 5,055,000  of  them  would  fill 
but  of  a  cubic  inch.  Their  surface 
is  figured  at  a,  and  they  are  seen  edge- 
wise at  b.  They  are  so  thin  in  the 
centre  as  to  have  appeared  to  Mimro, 
Abbe  Torre,  and  others,  as  perforated 
like  quoits.  By  the  addition  of  water 
they  swell  by  endosmose,  become  bi-  nedclih  under 
convex  (ci),  and  transparent  {e),  and  various  conditions. 
disappear  probably  after  bursting.  Gulliver,  in  his 
lectures  before  the  Royal  College  of  Surgeons,  London, 
states  that  water  does  not  dissolve  them,  as  they  re- 
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appear  on  adding  bichloride  of  mercury;  an  aqueous 
solution  of  iodine  has  a  similar  effect.  By  adding  a 
denser  fluid,  as  gum  solution,  they  are  seen  to  shrivel, 
becoming  corrugated  or  even  serrated  at  the  edge  (/). 
Saliva  also  produces  a  crenate  outline,  and  acid  sherry 
makes  them  throw  out  tail-like  fibres. 

Hunter  regarded  these  bodies  as  fluid  all  through,  like 
oil  drops,  save  that  they  never  ran  together.  Beale  has 
advanced  a  somewhat  similar  opinion ;  but  that  they  con- 
sist of  a  cell-wall  and  contents,  as  first  stated  by  Hewson, 
may  be  still  confidently  maintained  from  the  effects  of 
various  reagents.  There  is  a  nucleus  in  them  only  during 
fcetal  life,  and  in  those  of  pregnant  women.  Busk  found 
a  nucleus  once  in  man,  and  they  normally  occur  in  the 
elephant,  horse,  and  other  animals.  Wharton  Jones  states 
that  the  adult  cell  is  but  the  nucleus,  the  cell- wall  being 
destroyed.  Kdlliker  thinks  the  nucleus  disappears,  and 
the  cell-wall  remains. 

The  red  cells  are  developed  in  the  germinal  be- 
fore any  trace  of  heart  or  glands  appears,  and  are  then 
large,  spherical,  and  colourless,  containing  a  nucleus  and 
granular  matter  like  fat.  They  multiply  by  a  transverse 
fission,  and  during  the  next  stage  they  gradually  assume 
a  flattened  form  and  red  colour,  the  nucleus  still  remain- 
ing. At  the  3rd  month  of  foetal  life  they  are  fully  de- 
veloped as  bi-concave,  red,  non-nucleated  cells,  and  are 
henceforward  supplied  by  transformation  of  chyle  and 
lymph  cells.  These  latter  are  spherical,  rough,  and 
darkly  shaded,  but  are  converted  stage  by  stage  into  the 
red  blood  cells.  These  changes  have  been  admirably 
investigated  by  Paget,  who  notices  the  advantage  of  this 
mode  of  renewal  over  production  from  germs,  as  loss  of 
blood  would  then  be  more  injurious,  by  removing  both 
cells  and  their  germs.  The  temporary  states  of  man's 
blood-cells  remain  permanent  in  many  animals,  as  is 
likewise  the  case  with  regard  to  the  phases  of  develop- 
ment of  all  the  organs.    Their  characters  are  peculiar 
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in  each  class,  but  are  capable  of  change  by  the  influence 
of  domestication.  They  are  very  similar  to  those  of  man 
in  all  mammals  save  the  camel  tribe  (the  dromedary, 
llama,  alpaca,  &c.),  in  which  they  are  oval,  as  in  birds, 
reptiles,  and  fishes.  G-ulliver  gives  the  following  mea- 
surements for  some  mammals : 

Elephant  Ox  -^1^ 

Sloth  2-^00       Cat  ^^loo 

Man   3^  Sheep  

•  •  •  Woo 

Ape  3^      Goat   -^-^ 

Dog   ^loo       Musk  Deer. .  . .  y^ioo 

The  proteus  anguinus  has,  according  to  Carpenter,  the 
largest  cells,  measuring  -3-^^)  ljut  Harting  states  those  of 
the  crypto -branchus  somewhat  exceed  them. 

The  wall  of  the  cell  is  so  tough  and  elastic  that  they 
may  be  seen  to  squeeze  through  capillaries  smaller  than 
themselves,  and  regain  their  shape  when  freed  from  pres- 
sure. They  often  adhere  by  their  surfaces  into  piles 
like  rouleaux  of  coins,  as  discovered  by  Wharton  Jones. 
This  appearance,  which  is  figured  at  c,  page  107,  is  nor- 
mal in  the  horse,  and  frequent  in  inflammatory  blood, 
promoting  coagulation.  While  being  examined  under 
microscope,  they  often  move  about,  owing  to  the  evapo- 
ration of  the  fluid,  and  the  heating  efiect  of  light  upon 
it.  Schultz  regarded  these  movements  as  analogous  to 
those  of  the  particles  of  sap,  which  in  characeae  pro- 
duce a  kind  of  circulation  or  cyclosis;  and  Carm  be- 
lieved that  the  blood-cells  moved  through  the  blood- 
vessels by  a  power  inherent  in  themselves.  Such  move- 
ments, and  contraction,  and  dilatation  are  best  seen 
in  the  white  cells.  From  the  resemblance  of  blood- 
cells  to  amgeba  and  other  monads,  they  were  once  sup- 
posed to  be  infusorial  animalcules.  A  parasite,  which 
Bilharz,  its  discoverer,  named  distoma  htematobium, 
exists  in  blood.  The  red  cells  are  composed  of  a  wall  of 
c(lobulin,  and  the  matter  within  is  called  haematin,  the 
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chemical  relations  of  which  have  been  already  stated. 
Muller  states  hsematin  is  composed  of,  in  100  parts,  car- 
bon, 65-84;  hydrogen,  5-37;  nitrogen,  10-4 ;  oxygen, 
11'75 ;  iron,  6-64,  which  last  element  exists  probably 
in  the  unoxidised  state,  as  chlorine  or  sulphuric  acid  will 
remove  it,  and  it  is  not  acted  on  by  hydrochloric  acid, 
as  the  oxide  or  carbonate  would  be.  Liebig's  opinion 
that  iron  exists  as  a  carbonate  of  protoxide  of  u'on  in 
venous,  and  peroxide  in  arterial  blood,  is  well  known. 
The  iron  in  blood  was  discovered  by  Menghini  by  its 
exhibiting  magnetic  properties. 

The  colour  of  blood  is  not  due  to  iron,  as  it  remains 
after  its  removal,  and  the  blood  of  many  invertebrates 
contains  it,  yet  is  colourless.  As  Henle  first  stated,  the 
colour  depends  on  the  gases  which  the  blood  contains. 
Thus,  carbonic  acid  in  venous  blood  distends  the  cells, 
and  thus  allows  the  dark- coloured  haBmatin  to  be  more 
apparent  through  their  thinned  walls;  oxygen,  on  the 
contrary,  shrivels  the  cells,  and  gives  the  lighter  scarlet 
tint.  Exposure  to  these  gases  alternately  will  produce 
the  change  from  modena  to  scarlet  nine  or  ten  times, 
after  which  the  cells  are  destroyed,  or  at  least  lose  this 
power.  That  the  change  of  colour  is  rather  due  to 
mechanical  than  chemical  effect,  is  shown  by  no  altera- 
tion occurring  in  a  mere  solution  of  hsematin.  Drover 
regards  the  change  of  indigo  from  yellow  to  blue  by  the 
absorption  of  oxygen,  and  from  blue  to  yellow  by  its  ex- 
pulsion, as  quite  analogous. 

The  main  lunction  of  the  red  cells  is  to  act  as  "  car- 
riers of  oxygen"  to  the  tissues,  which  are  thereby  oxi- 
dised, and  returned  in  the  venous  blood  as  carbonic  acid, 
urea,  water,  and  other  effete  products,  meanwhile  setting 
free  caloric.  Their  number  is  proportional  to  respiratory 
activity,  save  perhaps  in  cseruleans.  It  has  been  stated 
that  a  precipitate  of  what  the  microscope  shows  to  be 
red  cells,  falls,  when  streams  of  oxygen  and  carbonic  acid 
are  passed  through  a  solution  of  hemato-crystallin :  if  this 
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be  so,  they  are  clearly  a  product  of  respiration.  That  it 
is  the  red  cells  have  this  power  of  absorbing,  is  shown 
by  blood  taking  up  from  10  to  13  volumes  of  oxygen; 
whereas,  when  deprived  of  cells  only  one  volume,  or  the 
same  amount  as  pure  water  holds,  will  remain.  The 
oxygen  is  so  easily  parted  with  that  it  was  believed  to  be 
not  chemically  combined,  but  in  a  state  of  loose  associa- 
tion; but  Schdnbein  has  announced  the  signijB.cant  fact 
that  it  is  converted  into  ozone,  an  allotropic  form  of  oxy- 
gen. Other  functions,  not  fully  understood,  are  alluded 
to  by  Lelimann,  who  regards  red  cells  as  laboratories  in 
which  the  individual  constituents  of  the  plasma  are  pre- 
pared for  the  higher  function  of  aiding  in  the  formation 
and  reproduction  of  the  tissues,  or,  floating  gland  cells 
secreting  hgematin. 

•  When  these  minute  organisms  have  fulfilled  their  func- 
tions, they  are  supposed  to  be  cast  off,  probably  by  the 
liver,  as  there  is  much  similarity  between  the  colouring 
matter  of  blood  and  of  bile.  Prof.  Draper  exclaims,  "  It 
is  sufiicient  to  arrest  om'  thoughts  at  once,  when  we  learn 
that  for  every  beat  of  the  pulse,  20  millions  of  these 
organisms  die.  Physiology  has  its  passing  wonders  as 
well  as  astronomy."  That  they  are  not  very  rapidly 
reproduced,  appears  from  the  decrease  of  their  numbers 
for  a  long  time  after  full  venesection.  Bolton,  however, 
regards  them  as  permanent  structures,  suggesting  that  no 
anatomical  element  is  ever  destroyed,  but  merely  proxi- 
mate principles. 

The  well-defined  characters  of  the  red  cells  render 
their  detection  by  the  microscope  easy,  of  which  advan- 
tage is  taken  to  ascertain  the  presence  of  blood  in  dis- 
eased products,  and  in  stains  on  weapons,  dress,  &c.,  in 
medico-legal  investigations.  Their  appearance,  if  mois- 
tened with  serum,  or  a  fluid  of  like  specific  gravity,  even 
after  being  dried  up  for  months,  is  a  much  surer  indica- 
tion than  chemical  tests.  The  peculiar  size  and  charac- 
ters of  the  cells  of  lower  animals  have  also  given  aid 
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in  judicial  inquiries.  The  beautiful  crystals  which,  as 
Funke  discovered,  the  matter  of  the  red  cells  forms,  are 
also  readily  recognized  for  such  purposes,  especially  if 
treated  with  acetic  acid,  when  they  assume  a  rich,  dark 
brown.  Human  blood  crystals,  as  here  delineated,  are 
prismatic ;  those  of  other  mammals  tetrahedral  and  hexa- 
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gonal.  They  are  decolorized  by  chlorine.  They  occur 
in  clots  from  aneurism  and  apoplexy,  and  may  be  pro- 
duced by  breathing  on  a  drop  of  blood  spread  on  glass, 
when  the  carbonic  acid  seems  to  promote  then*  formation. 

The  White  Cells  were  discovered  by  Bauer,  and  are 
less  numerous  than  the  red  in  about  the  ratio  of  1  to 
300 ;  being  increased,  however,  after  taking  albuminous 
food,  during  pregnancy,  in  early  life,  and  after  loss  of 
blood.  In  certain  diseased  conditions  they  may  attain 
the  proportion  of  1  to  7,  or  even  more,  as  represented 
on  the  frontispiece.  They  are  larger  than  the  red,  be- 
ing about  ^g^^,  and  are  spheroidal,  pearly  or  cloudy, 
and  rough  on  the  surface.  They  are  very  uniform  in 
size  among  animals,  being  pretty  equal  in  the  proteus 
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and  musk  deer,  the  extremes  as  regards  the  size  of  red 
cells.  When  observed  in  the  capillaries  they  seem  to 
roll  lazily  along  the  sides,  occasionally  adhering  as  if 
they  were  glutinous,  whereas  the  red  ones  rush  through 
the  centre  of  the  vessel.  Their  exact  chemical  composi- 
tion is  undetermined,  as  they  cannot  be  separated  from 
fibrin.  Their  use  is  not  known  positively,  but  they  are 
supposed  to  nourish  the  albuminous  tissues,  and  Donne 
states  they  are  composed  of  albuminous  particles  -g-oV o 
diameter  agglutinated  together.  They  are  also  regarded 
as  being  identical  with  lymph  and  chyle  cells,  and  as 
becoming  changed  probably  in  the  ductless  and  absor- 
bent glands  into  the  red  cells.  Their  number  increases 
as  we  descend  the  animal  scale.  The  frog  has  the 
proportion  of  1  to  16  red  cells  in  the  month  of  February, 
and  1  to  6  in  August  (the  reason  of  this  variation  not 
being  apparent).  The  amphioxus  has  no  red  cells,  nor 
have  the  invertebrates,  whose  nutritive  fluid  is  more 
like  chyle. 

Some  pathological  investigations  I  have  been  engaged 
in,  induce  me  to  consider  the  white  cells  and  fibrin  as 
identical.  It  is  acknowledged  by  the  most  able  analysts 
that  they  cannot  be  separated,  and  when  the  fibrin  is 
removed  by  whipping  blood,  no  white  cells  can  be  found 
in  the  remaining  fluid.  In  many  morbid  states  of  the 
blood,  inflammatory,  tubercular,  or  leucocythemic,  and 
in  that  of  the  herbivora,  the  microscope  shows  the  white 
cells  to  be  over-abundant,  and  analysis  determines  the 
fibrin  to  be  proportionally  in  excess.  Addison  believes 
that  the  fibrin  is  contained  as  fibrillae  in  the  white  cells, 
and  when  blood  is  drawn,  they  burst  forth,  and  arrange 
themselves  in  the  closely- matted  state  we  call  fibrillation. 
This  condition,  from  its  analogy  to  gelatinization  and 
crystallization,  appears  to  be  more  an  evidence  of  death, 
or  retm-n  to  inorganic  state,  than  organization. 

As  before  alluded  to.  Bonne  states  white  cells  are 
composed  of  albuminous  particles;  now,  these  may  by 
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further  oxidation  become  fibrin,  and  the  cells  bursting 
may  allow  the  particles  to  assume  the  thread-like  form. 
This  would  suggest  that  coagulation  is  attended  by,  or 
may  be  due  to  oxidation — a  view  which  the  necessity  for 
free  exposure  to  air  strengthens.  The  coagulation  of 
albumen  by  nitric  acid  may  be  also  due  to  oxygen,  which 
that  substance  so  readily  affords,  converting  it  into  an 
amorphous  form  of  fibrin.  There  are  most  white  cells 
between  the  opening  of  the  thoracic  duct  and  the  lungs, 
where  oxidation  gives  rise  to  fibrin.  In  inflammatory 
blood  there  is  often  a  layer  of  white  cells  between  the  red 
clot  and  the  buffy  coat,  where  they  cannot  be  exposed  to 
the  action  of  the  air.  Virchow  states  that  fibrin  as  such 
is  never  an  exudation  from  the  blood,  which,  however, 
contains  matter  readily  convertible  into  it  by  local 
causes.  Inflammation  of  parts  freely  supplied  with 
lymphatic  vessels  and  glands,  as  lung,  pleura,  liver,  &c., 
is  a  most  fruitful  source  of  increase  of  fibrin,  whereas 
phrenitis  scarcely  alters  the  amount,  and  it  is  known 
the  brain  possesses  few  if  any  lymphatics.  He  also  has 
shown  that  lymph-fibrin  differs  from  blood-fibrin  in 
never  coagulating  within  the  vessels,  as  it  has  not  as 
yet  met  with  air  ;  it  does  so  when  exposed  to  the  atmos- 
phere. Denis  and  Lecanu,  from  chemical  considerations, 
support  the  view  that  the  cells  contain  fibrin.  Carpenter 
believes  that  the  white  cells  develop  fibrin,  or  convert 
other  albuminoids  into  it ;  and  there  is  scarcely  any 
fibrin  in  the  chyle  in  its  earlier  stages  of  development, 
or  till  it  is  passed  through  the  mesenteric  glands,  where 
the  white  cells  are  known  to  be  generated. 

The  point  we  are  now  discussing  involves  the  question 
"whether  is  fibrin  or  albumen  the  higher  in  the  scale  of 
organization  ?"  and  we  shall  briefly  state  the  arguments 
which  have  been  advanced  on  either  side.  Zimmerman 
first  started  and  Simon  ably  supported  the  doctrine,  that 
fibrin  was  merely  effete  matter,  as  it  exists  in  such  small 
proportion  to  the  albumen,  and  it  is  nearly  absent  from 
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portal  blood,  which  we  know  must  carry  back  the  nu- 
trient matter  which  results  from  digestion.  Hepatic 
venous  blood  contains  it  more  abundantly.  Its  amount 
is  proportionally  increased  in  anemia,  exhausted  states  of 
the  system — where  the  waste  has  exceeded  the  supply — 
by  starvation,  and  after  bleeding.  Andral  and  Gavarret 
showed  that  improvement  in  the  breed  of  animals  dimi- 
nished its  proportion.  Moreover,  there  is  little  or  none 
in  foetal  blood,  that  of  carnivora,  chyme,  or  in  the  egg, 
which  of  course  are  highly  nutritive.  The  property 
of  fibrillation  is  very  analogous  to  gelatinization,  as  fibrin 
first  forms  a  jelly-like  mass  out  of  which  fibrils  develop, 
and  to  which  it  can  be  again  reduced  artificially  or  within 
the  body,  as  we  see  in  aueurismal  clots.  Mucus  also, 
a  substance  aclmowledged  to  be  in  a  state  of  regression, 
has  similar  jelly-like  and  fibrillous  stages.  Liebi g  ssiys 
fibrin  may  be  "  perhaps  albumen,  half  converted  into 
gelatin."  Its  existence  in  very  small  quantity  in  the 
blood  of  ceruleans  supports  the  same  view,  as  in  these 
individuals,  like  cold-blooded  animals,  there  is  but  little 
waste.  Fibrin  is  more  easily  converted  than  albumen 
into  urea  by  Bechamps  method.  According  to  the 
theory  now  propounded,  the  gradation  would  be  albumen, 
syntonin,  fibrin,  gelatin,  urea.  On  the  other  hand,  the 
excess  of  fibrin  in  arterial  blood,  that  substance  having 
more  nitrogen  than  albumen,  according  to  Diimns,  and 
the  fact  that  2  or  3  per  1,000  is  found  permanently  in 
the  blood,  whereas  urea,  creatin,  and  other  efiete  matters 
are  at  once  removed,  convince  some  physiologists  that 
fibrin  is  the  true  nutrient  pabulum  of  the  tissues.  The 
question  is  far  from  settled.  We  shall  return  to  it  when 
treating  of  blood  diseases. 

III.  The  chemical  composition  of  many  substances 
in  the  blood  has  been  before  alluded  to.  We  shall  there- 
fore in  this  place  merely  state  the  proportions  they  exist 
in,  and  their  most  important  relations.  The  following 
table,  arranged  from  the  analyses  of  Lehmann,  exhibits 
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the  composition  of  blood,  and  separately  of  the  cells  and 
plasma,  from  a  healthy  man  aged  25.  Its  specific 
gravity  was  1-060,  and  it  contained  513-02  parts  of  cells 
to  486-98  of  plasma  : 


Blood. 

Cells. 

Plasma. 

Water  

788-71 

349-69 

439-02 

Haematm  (mcludmg 

0-512  of  iron)  

7-70 

7-70 

Hsemato-crystallin  .. 

127-54 

127-54 

3-93 

3-93 

Albumen,  Fat,  and 

Extractive  

64-24 

24-35 

39-89 

Chloride  of  Potassium 

2-062 

1-887 

0-175 

Chloride  of  Sodium  . 

0-701 

0-701 

Sulphate  of  Potash... 

0-205 

0-068 

0-137 

Phosphate  of  Potash. . 

1-202 

1-202 

,,         Soda — 

0-457 

0-325 

0132 

Lime ... 

9-193 

0-048 

0-145 

„         Magnesia  0-137 

0-031 

0-106 

0-921 

0-175 

0-746 

Playfair  assigns  as  a  formula  for  both  blood  and 
muscle,  C45  H39  Nfi  O15. 

The  Water  must  vary  hourly  with  the  state  of  the  skin 
and  kidney  and  the  hygrometric  condition  of  the  atmos- 
phere ;  yet  very  surprising  uniformity  is  maintained,  as 
Bence  Jones  showed,  by  keeping  one  dog  without  water  and 
the  other  drinking  freely  for  months ;  still  the  blood  of  both 
was  of  the  same  specific  gravity.  Venesection  increases 
the  relative  quantity  of  water,  but  has  no  power  to  reduce 
fibrin  or  to  prevent  exudation  in  inflammation — hence  the 
low  estimate  of  its  value  now  entertained :  that  last 
drawn  has  the  lowest  specific  gravity,  the  serous  fluid  of 
the  tissues  being  sucked  up.  There  is  more  water  in 
women's  than  in  men's  blood. 

The  Albumen  gives  greater  viscidity  to  the  fluid, 
and  by  its  very  low  diffusive  power  prevents  exudation. 
Bc'cquerel  and  Rodier  state  that  dropsy  occurs  when  its 
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proportion  is  less  than  6  per  cent.  It  does  not  impair 
the  diffusion  of  substances  mixed  with  it  in  the  blood, 
for  the  common  salt,  urea,  and  sugar  pass  through  animal 
membrane  as  freely  as  if  they  were  dissolved  in  pure 
water.  Albumen  is  kept  dissolved  by  union  with  soda, 
or  the  tribasic  phosphate  of  soda,  which  also  dissolves 
phosphate  of  lime  and  gives  the  alkaline  reaction  to  the 
blood. 

The  Fibrin  is  generally  counted  with  the  white  cells, 
as  they  cannot  be  separated.  There  is  more  in  arterial 
than  in  venous  blood,  as  the  oxygen  in  the  former  pro- 
duces it  from  albumen.  The  blood  of  the  porta  has  very 
little  fibrin. 

The  Fats  are  olein,  margarin,  cerebrin,  cholesterin, 
and  serolin,  which  was  believed  to  be  a  peculiar  fat,  but 
it  is  lately  stated  to  be  but  a  mixture  of  common  fat  and 
albumen.  The  odour  of  blood  is  said  to  be  due  to  a 
peculiar  volatile  fatty  acid. 

As  regards  the  mineral  components,  they  are  shown 
in  due  proportion  in  the  preceding  table,  and  it  will  be 
seen  that  the  cells  contain  much  more  phosphorus  and 
potash  than  the  plasma,  and  thus  seem  destined  for  the 
nervous  and  muscular  tissues. 

The  Gases  in  the  blood  are  oxygen,  nitrogen,  and 
carbonic  acid,  and  it  will  absorb  from  10  to  13  volumes 
of  the  former,  irrespective  of  sea-level. 

It  will  be  understood  that  the  blood  is  ever  changing 
its  composition,  containing  materials  in  a  state  of  forma- 
tion, maturity,  and  decay.  "  They  are  mixed  together, 
past,  present,  and  future — the  blood  of  yesterday,  the 
blood  of  to-day,  and  the  blood  of  to-morrow — and  we 
have  no  method  of  separating  them." 

Electric  properties  were  assigned  to  the  blood  by 
Dutrochet,  who  even  stated  that  he  could  form  muscular 
fibre  from  albumen  by  galvanism — assertions,  however, 
disproved.  Electricity  reddens  venous  blood,  as  also 
do  most  neutral  salts,  especially  those  that  afford  oxygen. 
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Arterial  and  Venous  Bloods  differ  materially,  unless 
the  aeration  of  the  arterial  has  been  interfered  with,  as  in 
hot  countries,  under  the  influence  of  chloroform,  ether,  or 
opium ;  when  blood  has  been  kept  delayed  in  the  vessels, 
as  by  a  tourniquet,  or  when  it  flows  from  a  deep  wound ; 
under  all  these  circumstances,  both  that  from  artery  and 
vein  are  dark-colored.  On  the  contrary,  venous  blood 
coming  from  a  gland  in  action,  as  the  kidney  or  the  paro- 
tid, has  been  shown  to  be  scarlet,  but  of  the  ordinary  hue 
when  no  secretion  is  occurring.  The  reverse  is  the  case 
in  the  blood  coming  from  a  muscle,  which,  if  contracting, 
sends  out  dark  blood ;  if  at  repose,  sends  out  the  arterial 
blood  unchanged  in  colour.  These  effects  are  due  to 
the  production  of  carbonic  acid.  The  main  differences 
are  here  tabulated : 


ARTERIAL. 
Scarlet,  not  dichromatic. 


Temperature,  about  100" 
Denser,  and  hence  greater  ca- 
pacity for  heat. 
More  fibrin  and  red  cells. 


VENOUS. 
Modena  or  purple,  but  green, 
in  very  thin  layers,  being  di- 
chromatic. 
Temperature,  about  98° 
Lower  specific  gravity. 

More  albumen. 

IV.  Vital  properties. — We  have  seen  that  blood 
within  the  vessels  consisted  of  cells  floating  in  the  plasma, 
or  liquor  sanguinis;  when,  however,  it  is  withdrawn, 
another  arrangement  takes  place,  the  fibrin  leaving  the 
plasma  and  uniting  with  the  cells  to  form  a  solid  mass. 
This  phenomenon  is  called  coagulation,  and  was  first  ac- 
curately described  by  Harvey.  The  solid  mass  is  termed 
crassamentum  or  clot ;  the  fluid,  serum,  which  still  con- 
tains albumen ;  and  if  this  be  removed,  the  fluid  is  termed 
serosity.  Coagulation  then  produces  a  rough,  spontane- 
ous analysis,  as  shown  by  the  following  table  : 

'  Albumen  \ 


Fluid  P^^^^^ 
^^^^^^  (Cells  ... 


Serum 
,  Fibrin 


Water 
(Salts 

I  Clot 


Coagulated 
Blood. 
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In  from  2  to  7  minutes  after  withdrawal,  the  blood  becomes 
solid;    colourless  drops  of 
serum  then  ooze  out,  and  the 
clot    becomes    firmer  and 
smaller,  till,  at  the  end  of 
from  24  to  48  hours,  it  is  but 
^  the  bulk  of  the  serum.  These 
changes,  with  the  respective 
proportions  of  the  clot  and 
serum,  are  represented  here 
in  a  bowl  of  blood,  and  may         coagulated  Blood. 
be  contrasted  with  the  figure  on  page  122.    The  follow- 
ing conditions  respectively  favour  or  retard  coagulation : 

Rest ;  though  the  fibrin  will  clot  Motion, 
when  the  blood  is  whipped 
with  twigs. 

Roughness  of  surface ;  as  ca- 
nese  columnae  of  heart,  val- 
vular irregularities,  or  lacerat- 
ed wounds. 

Exposure  to  air ;  by  flowing  in 
a  slow  stream,  or  into  a  shal- 
low vessel. 

Moderate  temperature. 


Smoothness ;  hence  fluidity 
within  the  arterial  or  venous 
coats. 

Exclusion  of  air;  by  rapid 
stream,  tall  vessel,  or  a  film 
of  oil. 

Heat  of  160°  by  coagulating 
albumen,  or  cold  of  32"  by 
freezing  blood ;  but  it  will 
coagulate,  if  thawed,  many 
months  after. 

An  extreme  amount  of  fibrin  delays  coagulation — 
thus,  the  blood  drawn  in  a  case  of  pneumonia  did  not 
coagulate  for  a  week,  and  putrefaction  was  proportionally 
retarded. 

It  is  prevented  by  neutral  salts — hence  their  use  in 
acute  rheumatism  to  prevent  clots  on  valves  of  heart — by 
an  alkah,  as  soda,  in  the  proportion  of  1  to  1,000  parts 
of  blood ;  by  bile,  solution  of  opium,  acids,  even  that  of 
the  vaginal  mucus  ;  for  if  menstrual  fluid  is  removed 
from  the  uterus  by  a  speculum,  it  coagulates.  The 
blood  does  not  clot  after  death  by  lightning,  electric 
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shocks,  excessive  exercise,  as  in  animals  hunted  to  death, 
according  to  Hunter,  but  Gulliver  doubts  this  conclusion ; 
also  after  death  by  blows  on  the  stomach,  fits  of  anger, 
asphyxia,  alcohol,  hydrocyanic  acid,  and  other  poisons. 
The  blood  drawn  by  a  leech,  and  even  that  flowing  after 
it  is  removed,  does  not  coagulate — hence  the  difficulty 
of  stopping  bleeding  from  its  bite. 

The  Cause  of  Coagidatioii  has  been  a  much  debated 
question.  Hunter  vaguely  said:  "  My  opinion  is,  that 
it  coagulates  from  an  impression — that  is,  its  fluidity 
under  such  circumstances  being  improper,  or  no  longer 
necessary,  it  coagulates  to  answer  now  the  necessary 
purpose  of  solidity."  That  it  is  not  the  lower  tempera- 
ture to  which  the  blood  is  exposed  when  drawn  into  air, 
he  showed  by  that  of  a  fish,  which  is  at  60°  while  the 
animal  lives,  clotting  when  exposed  to  air  of  a  higher 
temperature.  His  opinion  that  it  was  "  an  operation  of 
life"  is  expressed  by  Harvey  when  he  calls  blood  "pri- 
mum  vivens,  ultimum  moriens."  That  some  attempt  at 
organization  is  made  seems  supported  by  the  following 
facts — 1.  The  clot  assumes  the  definite  form  of  very 
minute  interlacing  threads,  such  as  we  find  in  lowly  or- 
ganized structures,  as  the  membrana  putaminis,  or  lining 
of  egg-shell,  efiused  lymph,  &c.  2.  The  clot  is  imper- 
fect under  the  same  diseased  conditions  in  which  IjTnph 
is  aplastic.  3.  It  often  coagulates,  as  the  first  step  to- 
wards organization,  as  seen  in  the  conical  clots  above 
and  below  a  ligature  upon  an  artery.  The  organization 
of  cerebral  clots  and  false  membranes,  and  of  blood 
efi'used  into  joints,  which  is  supposed  to  give  rise  to 
foreign  bodies,  are  analogous  occurrences. 

Gulliver  objects  to  regarding  coagulation  a  pheno- 
menon showing  any  evidence  of  vitality,  for  he  says,  after 
being  exposed  for  57  weeks  to  nitrate  of  potash  or  to  a 
freezing  temperature,  blood  will  coagulate ;  and,  he  re- 
marks, "  we  cannot  freeze  and  pickle  life ;"  but  the  tenn 
vitality  may  be  applied  to  blood  in  the  same  sense  as  we 
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apply  it  to  a  seed,  in  which  the  capability  of  germination 
will  lie  dormant  for  centuries.  Coagulation  is  prevented 
by  contact  with  the  surface  of  living  vessels,  for  if  a 
glass  tube  be  inserted  between  the  blood  and  the  vessel, 
it  at  once  occurs;  whereas  in  the  vessel  between  liga- 
tures it  remained  fluid  twenty-five  hours. 

Coagulation,  then,  would  seem  to  be  a  vital  process, 
which,  under  more  favourable  circumstances,  would  pro- 
ceed to  organization.  Drajjer  regards  it  the  same  process 
as  that  which  is  constantly  occm-ring  in  tissue-making, 
save  that  the  cells  are  not  entangled,  the  fibrin  being 
picked  out  by  muscular  tissue  as  fast  as  presented.  That 
coagulation  is  due  to  fibrin  cannot  be  doubted,  for  if  it 
is  removed  by  disease,  or  artificially  by  twigging,  the 
blood  no  longer  clots.  The  red  cells  in  the  frog  are  so 
large  that  they  will,  as  discovered  by  Midler,  remain  on 
a  filter,  and  the  plasma,  which  passes  through,  still  clots. 
Strong  solution  of  sulphate  of  soda  will  prevent  the  hu- 
man blood -cells  from  passing  through  a  filter.  Bernard 
has.  lately  stated  that  blood  from  which  all  fibrin  is 
abstracted  by  whipping,  and  renal  blood  which  contains 
none,  may  be  made  to  coagulate,  which  may  be  due  to 
I  the  conversion  of  the  white  cells  Iby  oxidation  into  fibrin. 
1  The  investigations  of  Dr.  B.  W.  Bichardson  have  de- 
I  monstrated  that  the  coagulation  of  blood  depends  on,  or  is 
1  attended  by,  the  evolution  of  ammonia.  It  is  remarkable 
that  the  Hmi.  Bobert  Boijle,  in  1684,  stated  the  blood 
evolved  a  "  spirit,"  and  discovered  that  an  ammoniacal 
salt  would  preserve  its  fluidity,  and  that  the  blood  co- 
agulated when  it  was  evolved.  Haller  proved  the  vapour 
from  blood  to  be  alkaline:  "Deinde  de  efiuso  sanguine 
volatile  aliquid  et  halituosum  aufugit  cum  odore  quodem 
inter  foetorem  urin^  et  sudoris  odorem  medio.  Id,  vasis 
idoneis  receptum  aquosum  adparet  cum  levi  alcalinas 
indolis  quasi  tinctura.  Hac  halitu  emisso  sanissimi 
hominis  sanguis  sponte  cogitur  in  tremulam  scissilem 
massam."    We  know  that  albumen  is  kept  fluid  by 
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another  alkali,  soda,  which,  however,  not  being  volatile, 
requires  to  be  removed  by  an  acid.  Eichardson  shows 
that  a  microscope  glass  wetted  with  hydrochloric  acid, 
and  held  over  recently  drawn  blood  will  be  covered  with 
crystals  of  hydrochlorate  of  ammonia.  They  may  be 
also  obtained  if  the  cupping-glass  be  moistened  with  acid, 
before  being  placed  over  the  incisions.  Coagulation  is 
prevented  by  adding  ammonia,  by  preventing  its  escape, 
or  by  exposing  one  vessel  of  blood  to  the  vapour  of 
another.  The  clot  will  re-dissolve  if  treated  with  am- 
monia, and  re-coagulation  occur  if  it  is  allowed  to  vola- 
tilise. One  part  of  ammonia  will  keep  about  3,000  of 
blood  fluid.  It  will  be  seen  that  nearly  all  the  circum- 
stances favouring  or  retarding  coagulation  are  explicable 
on  this  hypothesis,  which  has  been,  however,  opposed 
by  Lister,  as  blood  kept  fluid  by  ammonia  will  still  re- 
main so  if  that  alkali  be  neutralised  by  acetic  acid.  This 
objection  does  not  possess  much  weight,  as  the  neutral 
salt  thus  formed  has  the  power  of  hindering  coagulation. 
The  resemblance  of  coagulation  of  fibrin  and  the  contrac- 
tion of  muscle,  and  its  arrangement  in  fibrillae,  were  re- 
marked by  Hunter.  The  coincidence  of  coagulation,  rigor 
mortis,  &c.,  support  this  view.  I  regard  the  formation 
of  urea  (which  is  metameric  with  cyanate  of  ammonia) 
by  muscles  when  contracting,  and  the  evolution  of  am- 
monia when  blood  is  coagulating,  as  also  analogous. 

The  clot  sometimes  assumes  a 
yellow  colour  for  half  an  inch  or 
so  of  its  sm'face,  and  becomes  also 
concave.  This  condition  is 
called  the  "  cupped  and  buffed 
coat,"  and  depends  usually  on 
the  proportion  of  fibrin  being 
absolutely  or  relatively  increased, 
'  ^  ^  >        when  coagulation  takes  place 

Elood--  Cupped  and  Buffed    ^^^^  ^^^^^^^  ^eUg 

have  time  to  sink  to  the  bottom.    It  is  most  frequent  in 
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inflammatory  blood,  but  no  mistake  founded  on  false  de- 
ductions from  physiology  was  ever  more  fatal  in  practice 
than  that  of  supposing  it  afl'orded  an  argument  for  the 
lancet,  as  anemia  will  also  produce  it,  the  cells  sinking 
readily  through  the  thin  blood.  It  may  occur  during 
pregnancy,  and  when  the  system  is  excited  by  night- 
watching,  &c.  The  serum  which  oozes  from  the  huffy 
clot  will  often  coagulate  itself.  The  arrangement  of  the 
cells  in  piles  tends  to  produce  the  huffy  coat. 

Transfusion  of  blood  was  first  performed  by  Lower,  in 
1665,  and  was  used  therapeutically  by  Blundell  in  cases 
of  uterine  haemorrhage.  Berard  cites  15  cases  where 
life  was  saved.  Animals  bled  to  syncope  are  revived  by 
injecting  blood  still  containing  red  cells,  for  mere  serum 
produces  no  effect.  The  fibrin  should  be  separated,  as 
otherwise  its  coagulation  would  interfere  with  its  intro- 
duction, and  Dr.  B.  Ward  Richardson  advises  that  am- 
monia should  be  added  to  the  blood  about  to  be  trans- 
fused. It  is  generally  stated  that  blood  containing  cir- 
cular cells  is  fatal  to  birds  and  other  animals  whose  cells 
are  oval,  but  Bisclioff  asserts  this  is  only  true  of  venous 
blood  which  acts  like  a  rapid  poison,  but  arterial  blood 
may  be  transfused  without  injury.  The  greatest  care 
should  be  taken  to  prevent  the  entrance  of  air.  Saline 
solutions  have  been  injected  with  impunity,  and  Stevens 
proposed  it  as  a  cure  for  cholera.  The  animal  from 
which  the  blood  is  abstracted  should  be  previously  fed, 
as  it  will  then  sustain  the  loss  more  easily,  and  the  pro- 
portion of  the  vivifying  element,  the  red  cells,  will  be 
increased — that  of  the  fibrin  diminished  ;  and,  indeed, 
Bernard  has  found  that  the  blood  of  a  starving  animal 
acts  as  a  poison  ;  for,  if  transfused  into  another  animal 
it  dies  with  symptoms  of  putrid  resorption. 

QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  What  is  the  average  amount  of  blood  in  man's  body,  and 
I  how  has  it  been  determined  ? 
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2.  Describe  blood  as  it  flows  from  a  vein. 

3.  "What  is  the  diameter  of  the  smallest  and  largest  blood  cell, 
and  of  that  of  man  ? 

4.  Mention  the  relative  size  and  number  of  the  white  and  red 
cells  of  the  blood. 

b.  Compare  arterial  and  venous  blood,  noting  the  circumstances 
under  which  the  dilFerence  may  not  be  apparent. 

6.  State  the  circumstances  which  promote,  retard,  or  prevent 
the  coagulation  of  the  blood. 

SENIOR. 

1.  On  what  grounds  can  you  advise  tbe  free  administration  of 
food  before  capital  operations  ' 

2.  Sketch  the  microscopical  characters  of  the  red  cells  under 
various  conditions, 

3.  "What  do  you  know  of  the  development  of  the  blood-cells  ? 

4.  Arrange  a  table  of  the  components  of  the  blood  showing  their 
respective  proportions  in  the  serum  and  clot. 

5.  Adduce  proofs  that  tbe  coagulation  of  blood  depends  on  the 
removal  of  alkali,  and  suggest  some  curative  deductions. 

G.  "What  precautions  should  be  adopted  in  transfusing  blood  ? 


CIKCULATION. 

When  the  nature  of  the  offices  which  the  blood  performs 
is  understood,  it  must  be  evident  that  a  necessity  exists 
for  its  distribution  to  every  part  of  the  body.  Leaving 
the  left  ventricle,  it  traverses  the  aorta  and  every  other 
artery,  passes  through  the  capillaries  to  the  veins,  and 
thus  ultimately  returns  to  the  right  auricle.  This  is 
the  greater  or  systemic  circulation.  The  blood  then 
passes  to  the  right  ventricle,  thence  through  the  pulmo- 
nary arteries  to  the  lungs,  the  gi'eat  organs  for  purifica- 
tion, after  which  the  pulmonary  veins  return  it  to  the 
left  auricle.  This  is  the  lesser  or  pulmonary  circulation, 
and  is  succeeded  by  the  systemic  one  again.    The  vena 
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portse,  as  will  be  explained  hereafter,  presents  the  pecu- 
liarity of  ending  in  a  second  set  of  capillaries,  instead 
of,  like  other  veins,  in  a  trunk. 

These  facts  are  now  kno"wn  so  generally  that  it  is 
hard  to  conceive  how  slowly  each  of  them  was  discovered. 
Physiologists,  at  first,  believed  the  arteries  to  be  empty, 
that  the  cavities  of  the  heart  communicated,  and  the 
veins  carried  the  blood  through  the  body ;  but  Galen, 
who<  lived  about  a.d.  150,  maintained  that  the  arteries 
carried  blood,  wrongly  guessing  that  air  was  taken  in  for 
cooling  the  blood.  Vesalius  proved  there  was  no  com- 
munication between  the  sides  of  the  heart.  He  suffei-ed 
punishment  and  much  odium,  for  having  opened  the 
body  of  a  young  nobleman  dead  some  hours,  the  heart 
being  found  still  beating.  Servetus  next  discovered  that 
the  blood  flowed  from  the  right  side  of  the  heart,  through 
the  lungs,  to  the  left ;  and  this  pulmonary  circulation  was 
re-discovered  by  Ccesalpinus,  who  first  applied  the  term 
"  circulation."  It  was  reserved  for  our  immortal  Wm. 
Harvey  to  prove  the  course  of  the  blood  through  the 
system,  which  he  did  in  1619  ;  but  afraid  of  the  scorn 
of  his  contemporaries,  he  delayed  publishing  his  disco- 
very till  1628,  when  his  "Exercitatio  Anatomica  de 
motu  cordis  et  sanguinis"  was  given  to  the  world.  He 
relied  on  the  following  proofs  : — In  bleeding,  the  vein 
swells  below  the  ligature,  and  the  blood  flows  from  the 
side  of  the  orifice  farthest  from  the  heart — the  contrary 
being  the  case  with  an  artery;  again,  the  direction  of 
the  valves  of  the  heart  and  of  the  veins,  which  he  had 
seen  his  master,  Fabricius,  first  demonstrate  at  Padua. 
The  actual  observation  of  the  blood  in  the  capillaries 
gave  further  proof;  Malpighi  made  this  discovery  in 
1661 — but  with  Descartes  and  a  few  others  he  had  long 
supported  Harvey  s  doctrine,  and  defended  it  from  the 
envious  attacks  of  narrower  minds. 

The  organs  concerned  in  circulation  are  the  heart, 
arteries,  capillaries,  and  veins,  in  which  order  we  shall 
describe  their  functions. 


126 


THE  HEART. 


I.  The  Heart  must  be  regarded  as  the  most  perfect 
of  machines,  as  it  executes  with  unsleeping  activity  some 
three  thousand  millions  of  beats,  propelling  about  five 
hundred  thousand  tons  of  blood  in  the  course  of  an  ordi- 
nary life.  Its  descriptive  anatomy  we  shall  not  attempt, 
but  refer  with  pleasure  to  a  masterly  account  in  the  late 
lamented  Prof.  Power  s  work  on  the  "Heart  and  Arteries." 
It  is  essentially  double  in  adult  life,  consisting  of  one  auri- 
cle and  ventricle  on  the  right  side  presiding  over  pulmo- 
nary circulation,  and  two  similar  cavities  on  the  left  per- 
forming the  systemic  circulation.  The  heart  is  mainly 
composed  of  muscular  fibres,  very  similar  to  those  of 
voluntary  muscles  in  structure,  colour,  and  tendinous 
attachment,  but  peculiar  in  the  following  particulars : — 
They  are  of  but  \  the  size,  according  to  Skey;  their 
myolemma  is  so  fine  as,  till  lately,  to  have  escaped  de- 
tection, but  it  is  evident  in  true  fatty  degeneration  of 
the  heart;  they  interlace,  bifurcate,  and  anastomose, 
and  do  not  lie  on  the  same  plane,  but  pursue  a  spiral 
direction.  In  hearts  hardened  by  boiling  and  alcohol 
Searle  has  traced  two  kinds  of  ventricular  fibres — pro- 
per," which  form  two  sacs  open  towards  the  arterial 
mouth  and  at  the  apex;  and  "common,"  which  sur- 
round both  ventricles,  and  entering  through  the  open 
ends  of  the  sacs  form  the  inner  surface  of  the  ventricles. 
From  the  manner  in  which  the  fibres  mat  together,  a 
smooth  surface  and  not  a  fibrous  appearance  is  ob- 
tained by  section,  as  seen  well  in  a  roasted  sheep  heart. 
To  trace  the  fibres  Mr.  Ledxvich  selects  an  infant's  heart, 
and  prepares  it  with  a  solution  of  corrosive  sublimate 
and  alum.  White  fibrous  tissue  is  found  round  the  auri- 
culo- ventricular  openings,  extending  into  the  active  valves 
round  the  arterial  mouths  and  their  semilunar  valves, 
and  scantily  in  the  Eustachian  valves  in  right  auricle. 
The  heart  "^is  covered  by  a  smooth  membrane,  the  peri- 
cardium, to  facilitate  its  own  movements,  and  lined  byar 
fine  epithelium,  the  endocardium,  to  facilitate  the  move- 


THE  HEART. 


127 


ments  of  the  blood.  The  organ  is  abundantly  supplied 
by  the  2  coronary  arteries,  whose  blood  is  returned  to 
right  auricle  by  a  single  coronary  vein. 

The  Nervous  Supply  is  derived  from  the  3  cervical 
ganglia  of  the  sympathetic,  pneumogastric,  recurrent 
laryngeal,  and  perhaps  phrenic  nerves.  The  nerves 
form  one  great,  and  many  minute  plexuses,  and  are 
finally  distributed  round  the  coronary  arteries.  The 
pneumogastric  appears  to  be  the  motor  nerve,  as  its  de- 
struction arrests  the  motion  of  the  heart.  The  ganglion 
of  Wrisberg  lies  in  the  arch  of  the  aorta ;  and  between  the 
ventricles  and  in  the  muscular  tissue,  especially  in  the 
hearts  of  the  calf  and  the  frog,  Remak  has  discovered 
many  ganglia.  Those  described  on  the  surface  of  the 
ventricles  by  Lee,  are  probably  mere  thickening  of 
neurilemma. 

The  Actions  of  the  Heart  will  be  best  understood  by 
following  the  course  of  the  blood,  remembering,  however, 
that  the  2  auricles  and  2  ventricles  are  synchronous  ; 
that  is,  the  contraction  or  systole  of  the  right  ventricle, 
occurs  at  the  same  time  as  that  of  the  left,  and  their 
diastole  or  dilatation  correspond  also,  and  similarly  the 
auricles. 

When  the  right  auricle  has  gradually  filled  from  the 
cavas  and  coronary  vein,  it  suddenly  contracts,  and  the 
cavae  being  filled  and  the  coronary  vein  being  closed  by 
its  valve,  the  blood  rushes  into  the  right  ventricle.  How- 
ever, some  blood  is  thrown  to  the  large  veins,  producing 
the  "  venous  pulse." 

The  right  ventricle,  when  full,  contracts  and  propels 
the  blood  into  the  pulmonary  artery,  its  passage  back  into 
the  auricle  being  prevented  by  the  tricuspid  valve. 
This  is  closed  by  the  pressure  of  the  blood  tending 
towards  auricle,  and,  as  Haller  saw  in  the  heart  of  a 
living  animal,  by  the  shortening  of  the  papillary  muscles, 
which  many  believe,  merely  prevent  the  valves  being 
thrown  into  auricle.    That  some  reflux  was  allowed  by 
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the  incomplete  apposition  of  the  flaps  of  the  tricuspid 
valve,  occurred  to  Hunter,  who  says:  "The  valves  in 
the  right  side  of  heart  do  not  so  perfectly  do  their  duty 
as  those  of  the  left."  This  was  again  stated  by  Mr. 
Robert  Adams,  and  still  more  fully  described  by  Mr.  W. 
King.  This  anatomist  showed,  that  the  anterior  or 
"yielding"  wall  when  thrown  forward,  pulled  with  it 
the  anterior  and  right  flaps  of  the  valve,  which  he  calls 
"  curtains  of  distension,"  and  allowed  regurgitation.  Any 
undue  separation  is  prevented  by  a  "  moderator  band," 
which  runs  from  the  yielding  to  the  fixed  wall  or  septum. 
Were  it  not  for  this  hydraulic  imperfection,  rupture, 
which,  as  it  is,  never  occurs  here,  would  be  risked,  and 
over-distension  of  the  cavity  would  lead  to  its  paralysis, 
a  condition  which  we  shall  see  occurs  in  asphyxia.  The 
auricles  do  not  empty  themselves  as  perfectly  as  the 
ventricles.  The  valvular  apparatus  of  the  right  side 
and  some  other  structures  of  the  heart,  are  illustrated  by 
the  figure  on  opposite  page. 

After  aeration  the  blood  pi-oceeds  from  the  lungs 
through  4  pulmonary  veins  to  left  auricle,  where  no  valves 
exist ;  and  thence  into  left  ventricle,  where  the  mechan- 
ically perfect  bicuspid  valve  allows  no  leakage,  and  rupture 
has  occasionally  occurred  at  the  rete  cordis  near  apex. 
This  powerful  cavity  gradually  contracts,  and  the  blood 
rushes  through  aorta  and  the  whole  arterial  system,  to 
be  again  returned  to  the  right  side  of  the  heart.  The 
aortic  valves,  like  those  of  the  pulmonary  artery,  ofi'er  no 
obstruction,  as  they  are  thrown  back  against  the  walls  of 
the  vessel  when  the  blood  is  rushing  out ;  when,  how- 
ever, it  falls  back,  some  gets  behind  them  and  they  are 
forced  together,  efiectually  closing  the  apertm-e.  The 
corpora  Arantii  are  of  use  in  keeping  the  edges  of  the 
valves  out  from  the  aortic  walls,  thus  letting  the 
blood  behind  the  valves,  in  strengthening  them,  and  per- 
haps filling  the  interval  which  the  3  valves  might  leave 
between  them.    As  Savory  has  shown,  the  valves  are 
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supported  underneath  by  the  ventricular  wall.  The 
annexed  figure  exhibits  the  four  great  valves  closed,  and 
the  relative  positions  of  the  orifices  from  left  to  right. 
The  auricular  systole  is  sudden,  being  but  ^  as  long 
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as  the  diastole ;  the  ventricular  gradual,  as  more  resist- 
ance has  to  be  overcome.  The  diastole  of  both  is  gra- 
dual, and  is  believed  by  many  to  be  passive,  or  produced 
by  the  force  of  the  cavity  behind  contracting ;  and  by 
others  to  be  active,  or  dependent  on  the  dilating  power 
of  the  cavity  itself.  This  view  Cruveilhier  supports,  for 
he  found  that  if  the  empty  heart  of  an  animal  just  dead 
were  grasped  in  the  hand,  considerable  dilating  force  was 
perceived  during  diastole. 

Two  sounds  accompany  the  heart's  action,  and  are 
audible  to  the  observer,  or,  in  some  cases,  perceptible 
to  the  individual.  Thus  Midler,  when  lying  on  his  left 
side,  could  distinguish  those  of  his  own  heart.  The  fol- 
lowing occurrences  take  place  during 

1st  Sound  and  2iid  Sound 

Ventricles  contract  Ventricles  dilate 

Auricles  dilate  Auricles  dil»fee^,  ^n- 
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and  an  interval  of  repose  succeeds  during  which  the 
auricles  contract.  Cruveilhier  is  of  opinion  that  no 
pause  is  appreciable ;  and  on  the  contrary  others  believe 
there  is  one  after  each  sound. 

The  First  Sound  is  systolic,  and  is  best  heard  over 
the  apex  of  the  heart,  as  there  no  lung  muffles  it,  and  the 
heart  comes  near  the  surface  by  the  impulse  which  occurs 
at  the  same  time.  It  is  a  dull,  rumbling  sound,  and  so 
prolonged  as  to  occupy  as  much  time  as  the  2nd  sound 
and  the  pause.  Thus,  if  the  heart  be  beating  60  times 
per  minute,  the  1st  sound  occupies  ^  a  second,  the  2nd 
sound  rather  less  than  J,  and  the  pause  rather  more 
than  J.  The  time  occupied  by  the  action  and  repose  of 
the  ventricles  is  thus  calculated  by  Walshe  in  tenths  of 
a  second: — systole,  4;  post-systolic  silence,  1 ;  diastole, 
2  ;  and  post-diastolic  silence,  8.  As  regards  its  cause, 
it  is  but  the  "bruit  musculaire,"  or  noise,  which  the 
heart,  in  common  with  other  muscles,  produces  in  con- 
tracting. Dr.  Halford,  Professor  of  Physiology  in  Mel- 
bourne University,  states  that  this  noise  is  in  part  pro- 
duced by  the  vibration  of  the  air  in  the  stethoscope  or 
auditory  meatus,  placed  on  the  chest.  A  similar  sound 
may  be  heard  during  contraction  of  the  biceps,  masticating 
muscles,  or,  as  Wollaston  suggested,  by  placing  the  little 
finger  in  the  ear  and  rapidly  moving  the  thumb.  It  has 
been  objected  to  this  theory,  which  was  maintained  first 
by  Williams,  that  it  is  not  proportionally  increased  in 
hypertrophy  of  the  heart,  but  in  such  cases  the  super- 
ficial fibres — muscle  being  a  bad  conductor  of  sound — 
muffle  the  bruit  produced  by  the  deep.  The  weak  heart 
in  typhus  produces  scarcely  any  sound.  Tension  and 
vibration  of  the  amiculo-ventricular  valves,  as  suggested 
by  Billing  and  ingeniously  supported  by  Halford,  the  im- 
pinging of  the  heart's  apex  against  the  chest,  the  collision 
of  the  particles  of  the  blood  against  each  other  and 
against  the  rough  columnar  surface  of  the  ventricle,  and 
the  rush  through  the  narrowed  arterial  openings,  have 
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each  been  assigned  as  the  cause  of  the  first  sound,  and 
they  may  all  in  some  degree  contribute. 

The  Second  Sound  is  diastolic,  or  corresponds  with  the 
filling  of  the  ventricles,  and  is  most  audible  at  the  base  of 
the  heart.  It  is  a  sudden,  flapping  sound,  somewhat  like 
the  lapping  of  a  dog.    It  is  certainly  due,  as  suggested 
by  Sir  R.  Carswell,  to  the  flapping  together  of  the  semi- 
lunar valves  at  the  aortic  and  pulmonary  apertures. 
This  is  proved  by  Hopes  experiment,  repeated  by  a  com- 
mittee of  the  British  Association  which  met  in  this  city 
in  1834,  and  included  Drs.  Adams,  Lmv,  E.  M'Doivel, 
Evory  Kennedy,  Carlile,  &c.    They  hooked  up  one  of 
the  aortic  valves  with  an  awl,  in  an  animal  whose  heart 
was  kept  acting  by  artificial  respiration,  and  found  a 
hissing  sound  took  the  place  of  the  second  sound,  which 
again  occurred  if  the  valve  was  let  back.    Disease  often 
presents,  as  it  were,  an  experiment  by  nature,  and  in 
that  afiection  termed  "permanent  patency  of  aortic 
valves,"  of  which  Dr.  Corrigan,  has  given  an  original 
and  exhaustive  account,  no  second  sound  occurs,  as  the 
valves  do  not  act.    Williams  compares  the  sounds  of 
the  first  and  second  sounds  respectively  to  the  syllables 
"lubb,"  "dup."    It  might  be  expected  that  the  sounds 
would  be  heard  more  distinctly  on  opening  the  thorax  of 
a  living  animal ;  but,  on  the  contrary,  they  become  al- 
most inaudible.    The  same  fact  was  illustrated  in  the 
remarkable  case  of  M.  Groux,  who  exhibited  himself  be- 
fore the  medical  societies  in  1857-8.    His  sternum  was 
congenitally  cleft,  and,  as  if  that  bone  played  the  part  of 
a  sounding-board,  his  cardiac  sounds  were  very  low. 
Many  other  points  were  investigated  in  this  individual, 
and  the  systole  and  diastole  of  the  cavities  were  demon- 
strated by  the  sphygmascope,  which  consists  of  a  tube 
containing  water,  and  closed  by  a  soft  piece  of  india- 
rubber  at  one  end,  dilated  into  a  bell-shape.    He  was 
able  to  increase  the  width  of  the  cleft  to  8  inches  by  the 
action  of  the  pectorals.    Several  important  observations 
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were  made'  hj  a  committee  in  this  city,  and  are  recorded 
in  the  report  drawn  up  for  the  Eoyal  Irish  Academy  by 
Prof.  Lyons  of  the  Catholic  University. 

The  impulse  is  the  stroke  which  the  hand  perceives 
if  placed  over  the  precordial  region,  between  the  fifth  and 
sixth  ribs,  about  1^  inches  below  the  nipple.  It  is  syn- 
chronous with  fii'st  sound,  and  just  precedes  the  pulse. 
It  was  caused,  according  to  Hunter,  by  the  rush  of  blood 
straightening  the  aortic  curve ;  but  it  will  occur  if  the 
aorta  be  empty,  and  Dr.  Corrigan  remarks  that  the 
heart  would  be  thrown  to  the  right  side  by  the  direction 
of  the  aortic  curve,  and  not  to  the  left,  as  it  is.  That 

'  great  physician  and  able  physiologist  believes  the  im- 
pulse due  to  the  simple  swelling  forward  of  the  muscular 
substance  of  the  heart.  In  the  cat,  rabbit,  or  other 
narrow-chested  animal,  the  impulse  can  be  felt  on  both 
sides  of  the  chest.  Others  state  it  is  due  to  the  heart 
elongating  and  pressing  its  apex  against  the  wall  of  the 
chest,  producing,  according  to  some,  a  friction  sound. 
Harvey  suggested  this  when  he  says,  during  contraction, 
"the  heart  is  erected  and  rises  upward  to  a  point,  so 
that  at  this  time  it  strikes  against  the  breast,  and  the 
pulse  is  felt  externally ;"  but  the  heart  really  shortens 
during  systole.  It  has  been  also  suggested  that  the  re- 
actionary force  produced  by  the  discharge  of  the  blood 
into  the  aorta  may  give  rise  to  the  impulse.  The  late 
Prof.  Carlile,^  of  Queen's  College,  Belfast,  suggested 
that  the  anterior  fibres,  which  are  longer  than  the  poste- 
rior, would  tilt  the  apex  forwards.    Dr.  Belling  ham  de- 

■  scribed  a  second  impulse  synchronous  with  the  second 
sound,  which  occurs  in  the  healthy  heart  when  beating 
vigorously,  or  in  the  hypertrophied  condition. 

The  Rhythm,  or  the  regular  succession  of  the  actions 
of  the  heart,  is  one  of  its  most  remarkable  properties. 
It  has  been  stated  to  be  due  to  the  stimulus  of  the 
oxygen  in  the  arterial  blood  and  Goodwin  regarded  the 
absence  of  this  stimulus  to  be  the  cause  of  asphyxia  ; 
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Brown- Sequanl  has  aclvcanced  a  contrary  view,  viz.,  that 
carbonic  acid  is  the  special  stimulant  of  the  heart's 
action.  The  heart  will,  however,  act  in  vacuo.  The 
ganglia  about  the  organ  are  believed  by  Paget  to  pre- 
serve this  regularity  of  action  by  rhythmic  nutrition, 
and  it  continues  to  contract  when  removed  from  all  other 
nervous  influence.  The  irritability  of  the  heart  is  very 
great,  and  appears  to  be  inherent.  It  lasts  much  longer 
in  cold-blooded  animals,  and  in  the  hybernating  longer 
than  the  wakeful  state  of  some  others.  An  American 
author  states,  that  if  removed  from  a  sturgeon,  the  heart 
will  beat  till  it  becomes  dry  and  rustles.  Even  portions 
of  the  heart  deprived  of  blood  and  excluded  from  aii*  will 
contract  rhythmically.  Such  can  hardly  be  explained 
by  any  irritability  being  accumulated  in  the  organ,  as 
electricity  is  in  a  Leyden  jar.  The  nervous  system  has, 
however,  great  power  over  the  action  of  the  heart,  and 
thus  great  shocks  and  irritation  can  be  transmitted  to 
the  organ.  A  case  has  occurred  where  an  enlarged 
bronchial  gland,  by  pressing  on  the  great  cardiac  nerve, 
produced  cessation  of  action  for  4  or  6  beats,  and  fearful 
symptoms  like  those  of  angina  pectoris.  That  the  heart's 
action  can  be  controlled  by  the  will  would  appear-  fi'om 
the  case  of  Colonel  Townsend,  reported  by  Dr.  Cheyne. 
This  individual  could  stop  his  pulse  and  respirations,  so 
that  a  vessel  filled  with  water  was  not  spilled  if  placed 
on  his  sternum,  and  no  vapour  was  deposited  on  a  mirror 
held  before  his  mouth.  Irritability  deserts  the  right 
auricle  last,  which  has  been  therefore  styled  "  ultimum 
moriens."  The  heart,  although  acting  regularly,  has 
intervals  of  repose  equal  to  the  period  of  its  contraction; 
and  thus  some  other  muscles,  as  those  which  preserve  the 
erect  posture,  act  for  nearly  as  many  hours  out  of  the  24. 

The  force  of  the  Heart  is  no  doubt  the  chief  motive 
power  of  the  circulation,  and  such  terms  as  "primum 
mobile,"  "  vis  a  tergo,"  have  been  applied  to  it.  A 
somewhat  less  force  than  that  which  has  been  calculated 
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for  the  power  of  the  left  ventricle,  would  inject  water 
through  the  whole  vascular  system.  That  the  heart  is 
not  the  sole  cause  of  the  circulation  is  shown  by  the  fact 
of  the  blood  moving  in  the  embryo  before  a  heart  ap- 
pears ;  in  cases  of  fatty  degeneration,  where  it  becomes 
almost  powerless ;  in  acardiac  foetuses,  as  in  the  remark- 
able example  observed  by  Houston;  and  in  many  of  the 
invertebrates,  where  no  enlargement  on  the  blood  vessels 
analogous  to  a  heart  exists.  Valejitin  calculates  that  the 
force  of  the  left  ventricle  is  equivalent  to  8  lb,  that  of  the 
right  to  half  that  amount.  To  demonstrate  the  force  of 
the  heart,  Hales  adopted  a  plan  which  had  been  in  use  in 
measuring  the  force  of  rivers.  His  instrument  was  a 
brass  tube  joined  by  a  goose's  windpipe,  selected  for 
flexibility,  to  a  glass  tube.  He  inserted  the  brass  tube 
into  the  carotid  of  a  horse,  and  found  the  blood  rose 
about  9i  feet,  varying  with  the  height  of  the  animal. 
He  in  this  way  determined  that  the  left  ventricle  would 
sustain  a  weight  of  113fb. 

For  such  investigations,  Poisseuille  invented  the  hsema- 
dynamometer,  which  is  here  represent- 
ed, and  which  consists  of  a  glass  tube 
having  a  small,  straight  arm  inserted  into 
the  vessel,  then  bent  into  2  vertical  por- 
tions. Mercury  is  introduced  into  the 
tube,  and  between  this  and  the  vessel, 
to  prevent  the  coagulation  of  the  blood, 
a  solution  of  carbonate  of  soda.  The 
height  to  which  the  mercury  is  raised  is 
shown  by  a  scale  attached,  and  is  a 
measure  of  the  force  in  the  arteries. 
He  found  that  8  inches  of  mercury  were 
supported,  and  its  specific  gravity  being 

1  Q  K     4.1,  ■     •  1  •      1  o  t  lie  til 

iS'O,  tnis  IS  very  nearly  equivalent  to  9  meter. 

feet  of  blood,  and  would  correspond  to  a  ^1!!  B^t 

pressure  of  ^\\>  3oz.  in  aorta,  half  that  containing  Mercu- 
in  pulmonary  artery,  and  gradually  less 


The  Hcema-dynamo- 
1.  End  in- 
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for  the  small  arteries ;  thus,  4  drachms  for  the  radial 
artery.  Poisseuille  believed  the  arterial  force  to  be 
everywhere  alike,  and  detailed  some  experiments  made 
in  1860  which  support  this  view  ;  but  Volkmann  asserts 
that  it  varies  even  between  the  cardiac  and  distal  end  of 
the  one  vessel.  The  column  of  mercury  rises  during 
systole,  falls  during  diastole,  and  is  affected  also  by  re- 
spiration, rising  during  expiration  and  falling  during  in- 
spiration, the  blood  rushing  towards  the  partial  vacuum 
made  in  the  chest.  During  inspiration  the  radial  pulse 
often  stops,  which  has  been  attributed  to  the  pressure 
of  the  lungs  on  the  subclavian  arteries,  for  the  temporals 
are  not  much  influenced,  the  lungs  being  unable  to  com- 
press the  trunks  they  come  from. 

My  revered  predecessor  in  St.  Vincent's  Hospital,  Dr. 
Bellinghavi,  found  that  the  weight  required  to  compress 
the  femoral  artery  in  his  method  of  curing  aneurism, 
varied  between  4  and  6fb. 

The  velocity  of  the  blood  in  arteries  was  much  ex- 
aggerated by  Hales,  who  calculated  the  rate  in  the  aorta 
as  735  feet  per  second.  Volkmann,  however,  with  the 
haemadrometer  (a  glass  tube  doubly  bent  and  filled  with 
water)  has  reckoned  the  average  rate  in  the  carotid  as 
but  12  inches  per  second,  gradually  decreasing  through 
the  whole  arterial  system,  and  being  augmented  by  sys- 
tole, especially  if  vigorous.  We  shall  see  that  the  pulse- 
wave,  and  salts  introduced  into  the  blood,  travel  very 
much  faster.  Valentin  calculates  that  if  the  amount  of 
blood  be  18ft),  and  the  amount  expelled  by  the  left  ven- 
tricle at  each  contraction  8  oz.,  it  would  take  96  strokes 
to  send  the  blood  one  complete  round,  which,  at  the  rate 
of  72  beats,  would  occupy  1\  minutes. 

The  Pulse,  although  more  immediately  a  phenomenon 
belonging  to  the  arteries,  can  be  more  conveniently  con- 
sidered here.  It  is  the  stroke  which  the  finger  perceives 
if  placed  over  a  superficial  artery,  and  which  indicates 
the  rapidity,  force,  and  regularity  of  the  heart's  action. 
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It  is  due  to  the  wave  jerked  from  the  heart,  producing  a 
vibration  on  the  sides  of  the  vessel,  being  greater  as  these 
are  elastic,  though  it  would  likewise  occur  in  a  rigid 
tube.  Bichat  thought  it  owing  to  the  vessel  being 
raised  out  of  its  bed,  as  seen  in  the  tortuous  temporal 
artery  of  old  people.  Tonicity  of  the  vessels  makes  it 
travel  faster,  but  that  it  is  not  caused  by  a  vital  property 
of  the  artery,  may  be  shown  by  joining  a  piece  of  artery 
from  a  dead  animal  to  that  of  a  living  one,  and  the  pulse 
will  be  felt  in  both ;  and  in  varicose  aneurism,  where  the 
arterial  blood  passes  into  the  veins,  these  vessels  pulsate. 
The  pulse  varies  in  frequency  with  (1)  age,  as  seen  in 
Dr.  Guys  tables.  At  birth  140,  childhood  100,  adult 
age  75,  old  age  70,  or  according  to  many  accurate  ob- 
servers, very  much  lower;  thus,  Heherden  found  it  26, 
and  Fordyce  20  per  minute.  (2)  Sex — that  of  female 
being  5  or  10  beats  more  frequent.  (8)  Time  of  day — 
the  pulse  falls  gradually  throughout  the  day,  and  most 
rapidly  towards  night.  (4)  Sleep  renders  it  much  slower. 
(5)  Posture — being  greatest  in  the  erect,  next  in  the  sit- 
ting, and  least  in  the  recumbent  position.  This  fact 
was  noted  in  1784  by  the  late  Dr.  Macdonnell  of  Belfast, 
who  named  the  variation  "differential  pulse."  Dr.  Graves 
also  investigated  the  subject,  and  found  the  variation 
might  range  from  6  to  15  beats  per  minute  in  health. 
The  change  is  due  to  the  greater  muscular  exertion  in 
the  two  first  postures,  requiring  more  blood  and  pressing 
on  that  in  the  veins,  as  shown  by  experiments  with  the 
revolving  board,  by  which  these  positions  can  be  obtained 
without  muscular  exertion.  The  alteration,  for  like 
reasons,  is  greater  in  males.    Dr.  Guy  found  it  in : 


standing. 


Sitting. 


Ljing. 

66 
80 


Males  ... 
Females 


81 
91 


71 

84 


(6)  Stature — being  slower  in  tall  persons.  The  rapidity 
of  the  infant  pulse  is  mainly  due  to  this  circumstance. 
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(7)  Ingestion  of  food  quickens  the  pulse,  especially  du- 
ring the  act  of  eating.  (8)  Diminished  atmospheric 
pressure  increases  it ;  thus,  the  pulse  which  was  70  at  the 
level  of  the  sea,  was  75  at  an  elevation  of  3,000  feet,  and 
so  on,  till  it  arrived  to  110  at  13,000  feet  above  the  sea. 
Dr.  Franklcmd  found  his  pulse  double  its  normal  fre- 
quency at  the  summit  of  Mont  Blanc.  A  vigorous  mind 
is  often  accompanied  by  a  rapid  pulse,  but  not  invaria- 
bly, if,  as  reported,  Napoleon's  was  but  44  per  minute. 
Through  the  animal  kingdom  the  pulse  varies  most 
widely,  being  but  7  in  the  shark,  200  in  the  heron. 

The  Development  of  the  Heart  is  best  studied  in  the 
chick.  It  appears  about  the  30th  hour  of  incubation 
as  a  curved  tube,  receiving  posteriorly  2  or  3  veins  from 
the  germinal  membrane,  and  branching  anteriorly  into 
2  trunks  which  unite  below  the  vertebrae  into  the  aorta. 
On  the  3rd  day  it  consists  of  a  sinus  venosus,  ventricle, 
and  bulbus  aortse,  the  two  first  becoming  gradually 
divided  by  septa,  and  the  latter  forming  vascular  arches. 
About  the  7th  day  the  cavities  join  together,  and  the 
bulb  is  divided  by  a  septum  into  aorta  and  pulmonary 
artery.  The  pulsations  begin  before  muscular  tissue  or 
even  a  cavity  can  be  discerned,  the  heart  being  a  mere 
cellular  mass,  or  "punctum  saliens,"  as  Harvey  termed 
it.  In  the  human  heart  the  ventricular  septum  grows 
from  above  downwards,  between  the  4th  and  8th  weeks. 

II.  Arteries  were  so  named  from  being  supposed  to 
carry  air,  as  they  are  found  empty  after  death.  They 
are  cylindrical  tubes  when  full,  and  so  elastic  as  to  re- 
main so  when  empty.  They  consist  of  3  coats :  1.  The 
external  one  is  composed  of  areolar  tissue  serving  to 
connect  the  vessel  to  other  parts,  and  to  afford  a  sheath 
for  the  passage  of  the  vasa  vasorum,  which  are  derived 
from  neighbouring  vessels,  according  to  Hunter,  and  the 
nerves  which  twine  round  the  artery  like  ivy  round  a  tree 
("  heder£B  admodum" — ScarjM).  It  is  tougher  than  the 
other  coats,  remaining  when  a  ligature  or  false  aneurism 
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has  ruptured  them.  2.  The  middle  coat  is  of  a  buff  colour 
and  is  made  of  two  elements — the  elastic,  abounding  in 
the  large  arteries,  and  the  muscular  in  the  smaller.  The 
yellow  elastic  fibres  are  arranged  in  an  outer  circular 
layer,  which  constitutes  ^  of  the  whole  thickness  of 
the  vessel.  This  is  mixed  up  with  branching  or  penni- 
form  fibres  of  Todd  and  Bowman,  whose  section  is  here 


coat 


Section  of  middle-sized  Artery. 

copied,  and  organic  muscular  fibres.  Still  more  elastic 
tissue  is  arranged  in  longitudinal  fibres,  that  just  under  the 
lining  membrane,  of  which  it  is  the  basement  layer,  beincr 
the  "  fenestrated  coat"  of  Henle.  3.  The  inner  coat  con*^ 
sists  of  long  epithelial  cells  with  distinct  nuclei,  and  is  in 
immediate  contact  with  the  blood,  which  must  nourish  it 
and  receive  the  epithelial  cells  as  they  are  exuviated. 
Morbid  alterations  occur  in  and  under  this  membrane. 
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Arteries  divide  into  gradually  smaller  branches  at 
a  right  angle  near  the  heart,  and  obliquely  far  from 
it,  where  the  force  is  diminished ;  and  as  the  area  of  the 
branches  is  mostly  greater  than  the  trunk  they  spring 
from,  the  whole  arterial  system  assumes  the  form  of  a 
cone.  This  enlargement  is  best  marked  in  small  arte- 
ries, where  the  area  almost  doubles ;  whereas  in  the  com- 


The  Arched  Ramifications  of  the  Superior  Mesenteric  Artery. 


mon,  external,  and  internal  iliac  arteries,  Paget  states 
a  diminution  actually  occurs.    The  communication,  or 
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anastomosis  of  arteries  is  accomplished  by  the  direct 
joining  of  two  trunks  into  one,  as  vertebrals ;  by  their 
being  connected  by  intermediate  vessels,  as  at  the  circle 
of  Willis;  by  dividing  so  as  to  form  arches,  as  in  the  me- 
sentery. The  figure  on  opposite  page  shows  this  method 
of  anastomosis,  which  prevails  in  all  the  digestive  viscera. 
Still  more  frequently,  arteries  communicate  by  small 
branches  being  given  off,  which  join  those  from  the  ves- 
sel lower  down,  or  from  the  opposite  side  of  the  limb. 
It  is  such  inosculations  which  are  so  useful  in  preserving 
the  collateral  circulation  if  by  disease  or  ligature  an 
artery  becomes  obstructed. 

The  Elasticity  of  the  arteries  Hunter  proved  by  the 
following  experiment :  "A  circular  section  of  the  aorta 
ascendens,  when  slit  up  and  opened  into  a  plane,  mea- 
sured 5^  inches  ;  on  being  stretched,  it  lengthened  to 
10|  inches  ;  the  stretching  power  being  removed,  it  con- 
tracted again  to  6  inches,  which  we  must  . suppose  to  be 
the  middle  state  of  the  vessel."    This  property  dimin- 
ishes with  the  size  of  the  vessel ;  the  muscularity  in- 
creases.   Suppose  an  artery  full  of  blood,  the  systole  of 
the  left  ventricle  must  force  more  blood  in,  and  this 
must  be  accommodated  by  the  forcing  of  the  blood  on- 
wards into  the  capillaries,  or  by  the  increase  of  diameter 
of  the  artery,  which,  as  may  be  calculated  by  placing  an 
elastic  metal  ring  round  the  vessel,  is  equal  to  ^-^  of  its 
previous  calibre.    During  the  succeeding  diastole  the 
elasticity  of  the  artery  re-acts  on  the  blood,  and  the  aortic 
valves  closing,  the  stream  must  be  moved  onwards. 
Insufficiency  of  supply  and  gangrene  of  a  limb  will  fol- 
low if  elasticity  is  impaired,  as  by  the  calcification  of 
the  artery.   By  elasticity  also  the  intermitting  pulsations 
of  the  heart  are  converted  into  a  constant  stream,  as 
achieved  in  the  common  fire-engine  by  a  like  elasticity  U^fLlJ 
of  the  hose.    The  blood,  however,  from  a  divide  small 
artery  jets  "per  saltum,"  showing  that  a  perfectly  uniform 
current  is  not  obtained.   If  a  canula  be  inserted  into  the 
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ventricle  of  a  living  animal,  the  blood  will  also  jet  out, 
but  if  it  be  inserted  into  the  aorta,  which  is  so  elastic, 
a  uniform  flow  occurs.  An  equable  and  prolonged  sup- 
ply is  also  obtained  by  the  artery  breaking  up  into  many 
minute  branches,  which  again  re-unite,  as  seen  in  the 
"  rete  mirabile"  of  Galen  on  carotid  and  vertebrals  of 
animals  which  graze,  preventing  congestion;  in  the  rete 
ophthalmicum  of  birds ;  in  the  arm  of  the  sloth,  which 
allows  the  animal  to  remain  suspended  by  the  limbs  for 
hours ;.  and  in  the  leg  of  the  swan,  goose,  &c.,  which  per- 
mits prolonged  standing.  The  same  object  is  attained  by 
great  tortuosity,  as  in  the  seal,  where  the  carotid  is 
nearly  40  times  longer  than  the  space  it  traverses. 
During  systole  arteries  become  much  more  tortuous,  and 
this  condition  becomes  permanent  in  old  people,  as  their 
arteries  harden.  The  coats  of  the  vessel  are  always 
thicker  at  its  convexity. 

The  Irritability  of  the  arteries  was  also  shown  by 
Hunter  in  the  following  and  many  other  experiments  : 
"  The  posterior  tibial  artery  of  a  dog  being  laid  bare, 
and  its  size  attended  to,  it  was  observed  to  be  so  much 
contracted  in  a  short  time  as  almost  to  prevent  the 
blood  from  passing  through  it,  and  when  divided,  the 
blood  only  oozed  out  from  the  orifice."  Besides  air,  as  in 
this  case,  electricity  and  mechanical  stimulus  will  excite 
muscular  contraction  in  the  smaller  arteries,  and  if  ap- 
plied at  interrupted  points  will  actually  produce  a  monilar 
or  beaded  appearance.  Muller  denied  these  statements, 
grounding  his  opinion  on  the  structure  of  very  large 
arteries.  The  usual  tests  also  show  the  presence  of  an 
albuminoid,  which  fibrous  tissue  has  not.  Muscularity 
of  the  arteries  does  not  afford  much  propelling  force,  but 
rather  regulates  the  due  supply  of  blood  to  any  part.  It 
does  not  therefore  exist  in  large  arteries,  as  no  cause 
requiring  an  increase  or  decrease  of  blood  could  be  so 
general  as  to  afiect  all  the  parts  to  which,  for  instance, 
the  brachio-cephalic  artery  sends  blood.    It  is  owing  to 
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the  suspension  of  this  tonic  power  that  increase  of  blood 
is  allowed  in  erectile  or  occasional  organs.  Contractility 
will  remain  for  even  48  hours  after  death,  as  in  the 
famous  experiments  of  Hunter  on  the  umbilical  cord,  and 
thus  renders  the  injection  of  a  subject  more  difficult  at 
this  period.  Irritating  fluids  will  pass  with  difficulty- 
through  vessels  recently  deprived  of  life,  but  bland 
ones  will  pass  with  rapidity  and  ease.  The  sympathetic 
nerves  supply  the  mitability,  as  contractions  can  be  pro- 
duced by  irritating  them.  Cold  increases,  heat  decreases 
tonicity.  Ehythmical  pulsations  have  been  observed  in 
the  arteries  of  the  ears  of  rabbits,  analogous  to  those 
which  Wharton  Jones  discovered  in  the  veins  of  the  bat's 
wing,  and,  like  them,  not  synchronous  with  the  cardiac  or 
respiratory  movements. 

III.  The  Capillaries  were  discovered,  in  1661,  by 
Malpighi,  and  till  then  there 
was  a  gap  in  Harvey's  theory. 
Their  name  does  not  express 
their  fineness,  as  they  measure 
but  from  j-oVo  to  ^J^^;  the 
smaller  are  found  in  retina  and 
brain,  the  larger  in  liver  and 
lungs,  which  are  here  figured. 
They  preserve  the  same  width 
through  the  whole  length  from 
artery  to  vein.  Wedemeyer  de- 
nied their  separate  existence, 
statmg  the  artery  joined  the        Capillaries  ,if  Lung. 

vein  merely  by  canals  hollowed  in  the  substance  of  the 
tissues  they  permeate.  High  microscopic  power  has, 
however,  proved  that  they  have  distinct  walls,  but  has 
failed  to  exhibit  any  structure  in  such  coats,  which  are 
therefore  similar  to  cell-wall  and  sarcolemma.  A  nucleus 
is  sometimes  seen  in  them.  The  question  of  the  vascu- 
larity or  non- vascularity  of  certain  tissues  is  but  one  of 
degree,  for  even  in  the  most  vascular  the  capillaries  do 
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not  penetrate  their  ultimate  elements ;  in  muscle,  for 
example,  they  pass  between  the  fibres,  external  to  the 


Diagram  to  illustrate  the  Tubular  Spacet  which,  according  to  Wedemeyer, 
unite  the  terminal  arteries  and  veins. 


sarcolemma.  Their  distribution  follows  the  anatomical 
arrangement  of  the  various  tissues,  and  when  those  of 
the  muscle,  the  skin,  stomach  membrane,  villi,  &c.,  are 
injected,  they  are  easily  distinguished,  and  form  some  of 
the  most  brilliant  of  microscopic  objects.  On  the  sur- 
face of  the  body  their  distribution  is  very  unequal,  a  cir- 
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Artery,  Vein,  and  Capillaries  of  Web 
of  Frog's  Foot. 


Capillaries  are  intermediate  between  arteries  and  veins, 
save  in  the  erectile  tissues,  uterus,  and  in  the  bat's  wing, 
according  to  Paget — a  statement,  however,  denied  by 
Wharton  Jones,  another  most  accurate  observer. 

The  microscope,  when  any  transparent  part — as  the 
web  of  frog's  foot — is  placed  within  its  field,  displays  the 

capillary  circulation,  a  sight 
full  of  wonder  and  interest. 
It  is  here  roughly  sketched 
the  arrows  distinguishing 
the  artery  and  vein ;  and  in 
the  next  woodcut  a  vein  is 
perceived  lying  out  of  focus. 
Fancy  a  map,  with  all  its 
rivers  and  their  minutest 
tributaries  to  be  set  flow- 
ing. The  larger  capil- 
laries admit  3  or  4  blood- 
cells  abreast — the  smaller 
but  1,  which  has  even  to  squeeze  and  elongate  before  it 
can  pass  to  a  large  vessel,  when  it  becomes  circular 
again.  The  condition  of 
water  in  rivers  is  ana-  h^T'" 
logons  to  that  of  blood 
in  capillaries,  for  the 
current  through  the  cen- 
tre is  far  more  rapid 
than  that  at  the  sides. 
In  this  "still  layer"  the 
white  cells  lie,  apparent- 
ly ministering  to  nutri- 
tion. They  keep  so  dis- 
tinct that  it  was  once 
supposed  the  red  cells 
flowed  through  a  second 
tube  within  the  capillary.  The  width  of  the  still  layer  is 
about  i  that  of  the  entire  vessel,  and  is  increased  bv  cold 

10  ^ 
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decreased  by  heat.  The  rate  of  the  flow  in  the  centre  is 
said  to  be  1 1  inches  per  minute  by  Volkmann,  and  as  the 
rate  through  arteries  is  probably  700  inches  per  minute, 
he  calculates  that  the  entire  area  of  the  capillaries  must 
be  400  times  that  of  the  arteries  they  spring  from. 
Capillaries  may  be  seen  to  contract  either  by  elasticity 
after  distension,  or  by  muscularity,  an  endownnent  which 
the  nuclei  in  the  walls  would  suggest  they  possess.  That 
the  capillary  circulation  depends  on  the  heart  is  argued 
on  the  following  grounds:  1.  The  pressure  on  the  sides 
of  the  veins,  as  in  the  arteries,  is  derived  from  the 
heart  and  must  be  sent  through  the  capillaries.  2.  Pres- 
sure on  the  main  artery  soon  enfeebles  the  capillary  cir- 
culation. 3.  In  fishes  the  heart  forces  the  blood  into 
the  aorta  through  the  capillaries  of  gills.  And  lastly,  a' 
pulse  wave  may  be  seen  in  the  capillaries  in  some  cases 
of  debility,  probably  owing  to  a  thin  state  of  blood. 

Capillary  Force,  or  the  ''vis  a  fronte"  produced  by 
the  interchanges  between  the  blood  in  the  capillaries  and 
the  tissues  about  them,  is  explained  by  Draper,  who  for 
many  years  has  enunciated  the  following  law:  "If  2 
fluids  communicate  with  one  another  in  a  capillary  tube, 
for  the  substance  of  which  they  have  afiinities  of  dif- 
ferent intensities,  movements  will  ensue ;  the  liquid  hav- 
ing the  highest  affinity  will  occupy  the  tube,  and  may 
even  drive  the  other  before  it."  This  law  has  the  ad- 
vantage of  universality,  as  it  explains  the  movements  of 
the  sap  in  the  vegetable  kingdom,  the  force  of  which  is 
shown  by  the  following  experiments :  divide  the  stem  of 
a  vine,  and  tie  a  piece  of  bladder  over  the  cut  sm-face, 
when  it  will  be  burst  by  the  sap  ascending  from  the 
roots ;  and  if  the  upper  segment  be  placed  in  water,  that 
fluid  will  be  sucked  up,  as  long  as  under  the  influence 
of  light  the  formative  action  of  the  leaf  goes  on.  The 
rate  of  the  circulation  in  pulmonary  capillaries  is  5  times 
as  great,  so  much  chemical  interchange  occurring,  as 
that  in  the  systemic ;  and  Draper  therefore  regards  re- 
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spiration  as  a  most  powerful  cause  of  circulation.  The 
exclusion  of  oxygen  removes  this  cause  of  circulation, 
asphyxia  resulting,  as  in  drowning,  inhalation  of  nitro- 
gen, hydrogen,  or  other  negatively  injurious  gases. 
This  capillary  force  accounts  for  the  following  facts  more 
clearly  than  can  any  vis  a  tergo,  such  as  the  heart:  1. 
The  empty  state  of  arteries  after  death.  2.  Movement 
of  blood  in  the  early  embryo  and  acardiac  foetus  in  ani- 
mals without  a  heart,  and  after  the  heart  has  been  re- 
moved or  aorta  tied.  3.  The  portal  circulation.  4. 
Periodic  and  local  variations,  as  those  produced  by 
mental  emotions,  blushing  by  shame,  blanching  by  fear ; 
local  inflammations,  congestions  and  fluxes,  and  the 
effect  of  cold;  and  lastly,  such  changes  in  the  lungs 
as  are  produced  in  asphyxia  and  the  first  inspiration. 
This  force  also  explains  those  occurrences  expressed  by 
the  aphorism,  "  ubi  stimulus  ibi  fluxus,"  of  which  the 
increased  flow  to  a  gland  when  about  to  secrete,  and  to 
a  part  when  about  to  inflame  after  the  application  of 
an  irritant,  are  examples.  Many  other  instances  will  be 
adduced  when  we  are  discussing  the  pathology  of  inflam- 
mation, and  it  will  be  shown,  that  they  are  mainly  due  to 
the  regulating  influence  of  those  cerebro-spinal  and  sym- 
pathetic nerves  which  constitute  the  vaso-motor  system. 

Erectile  Tissue  is  but  a  mass  of  capillaries  shorter 
and  more  freely  communicating  than  usual.  It  is  found 
in  the  corpora  cavernosa  of  penis  and  clitoris,  in  the 
nymphffi,  vagina,  and  nipple.  Its  turgescence  is  excited 
by  either  local  irritation  or  by  emotion  conveyed  through 
nervous  system.  Kdlliker  thinks  its  erection  due  to  the 
removal  of  nervous  influence,  which  had  before  kept  the 
calibre  of  the  arteries  contracted  by  their  muscular  coat, 
which  is  always  highly  developed.  This  view  is  sup- 
ported by  the  fact  of  priapism  occurring  in  paraplegia, 
and  by  erection  being  retarded  by  cold,  promoted  by 
heat.  Some  abnormal  examples  of  this  tissue  which  I 
have  met  with,  will  be  mentioned. 
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The  Veins  collect  the  blood  from  capillaries,  and  gra- 
dually enlarging,  pour  it  through  the  cavae  into  the  right 
auricle.  They  are  arranged  in  two  sets — superficial,  which 
have  no  corresponding  artery ;  and  deep,  of  which  two 
usually  accompany  an  artery,  its  venae  comites.  When 
full  they  have  a  cylindrical  form,  but  not  so  uniformly 
as  arteries,  and  they  are  dilated  into  pouches  above  the 
valves.  The  coats  are  similar  to  those  of  arteries,  but 
much  thinner,  and  even  transparent,  the  colour  of  blood 
appearing.  In  the  cavag  near  the  heart,  striped  muscular 
fibres  are  continued  from  the  auricle.  Kolliker  has  not 
found  muscular  tissue  in  veins  on  the  uterine  side  of 
placenta,  in  those  of  brain,  dura  mater,  diploe,  cor- 
pora cavernosa.  At  variable  distances  valves  are  fouud 
usually  in  pairs,  and  always  with  their  free  semilunar 
edge  turned  towards  the  heart.  Valves  are  numerous 
in  superficial  veins,  scarce  in  deep  and  large  ones,  and 
absent  in  the  portal,  pulmonary,  and  renal  systems,  and 
those  of  bones.  Although  there  is  three  times  as  much 
venous  as  arterial  blood,  its  proportionally  slower  circu- 
lation transmits  about  an  equal  quantity  of  each  through 
a  part  in  a  given  time.  The  rate  of  flow  is  very  equable, 
as  we  see  in  venesection,  and  is  more  rapid  the  nearer  it 
approaches  the  heart.  That  the  heart  affects  the  current 
is  evident  from  its  producing  "the  venous  pulse,"  and 
which  occurs  mainly  when  the  blood  is  thin,  as  in  anemia, 
and  by  the  flow  being  so  much  retarded  by  pressure  on 
the  main  artery.  This  force  is,  however,  but  tV  of  that 
of  the  accompanying  artery. 

Respiratory  movements  influence  venous  flow,  for 
during  expiration  the  veins  become  turgid,  as  seen  in 
dyspnoea,  and  are  emptied  by  next  inspiration,  the  blood 
rushing  towards  the  partial  vacuum.  Sir  D.  Barry 
showed  this  by  inserting  a  tube  in  the  jugular  vein  of  a 
horse,  when  a  coloured  fluid  was  raised  through  it  at 
each  inspiration.  This  would  only  occur  in  the  veins 
near  the  thorax,  and  would  be  prevented  by  the  collapse 
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of  such  soft  tubes  as  the  veins.  In  the  foetus,  also,  and 
animals  which  swallow  air,  circulation  occurs,  and  yet  no 
respiratory  movements  aid  it.  During  expiration,  arterial 
pressure  is  at  its  maximum,  and  then  apoplexy,  rupture 
of  aneurisms,  and  increase  of  inflammatory  pains  are 
apt  to  take  place.  Carson  supposed  the  right  auricle 
had  a  "  suction  power"  by  its  wall,  or  those  of  pericar- 
dium being  pulled  asunder  by  inspiratory  movements, 
or  by  the  resiliency  of  its  walls  after  contraction,  like 
the  expansion  of  an  india-rubber  bottle.  Muscular  con- 
traction assists  the  flow  through  deep  veins,  as  seen  by 
the  greater  constancy  of  the  current  when  the  limb  is 
moved  during  venesection,  but  which  is  partly  due  to 
the  greater  quantity  of  blood  a  part  receives  while  acting 
than  while  quiescent.  All  expenditure  of  force  in  a 
backward  direction  is  prevented  by  the  valves.  The 
venous  circulation  is  very  much  under  the  influence  of 
gravitation,  and  if  the  tone  of  the  vessels  be  deficient, 
great  delay  to  its  return  may  occur.  The  practical 
surgeon  daily  perceives  this  in  the  efiect  of  long  standing 
in  producing  varicose  veins,  and  the  beneficial  effect  of 
an  elevated  posture  of  the  limb  in  treating  ulcers  upon  it. 
Lower  records  a  case  where  varicose  veins  were  so  dilated, 
and  the  circulating  force  so  weak,  that  the  patient 
fainted  whenever  he  stood  up,  the  blood  gravitating  to 
his  extremities.    It  may  be  well  if  we  recapitulate  : 

The  Forces  of  the  Circulatioii. 

1.  Contraction  of  the  heart,  or  vis  a  tergo. 

2.  Elasticity  of  the  arteries. 

3.  Muscularity  of  the  arteries. 

4.  Capillary  force,  especially  in  the  lungs. 

6(?).  Movements  of  the  blood-cells  themselves,  as 
stated  by  Carm  and  Treviramis. 

6.  Pressure  of  the  muscles  on  the  veins. 

7.  Inspiration. 

8(?).  Expansion  of  right  auricle,  according  to  Carson. 
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QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  Sketch  the  course  of  the  circulation,  and  say  by  whom  its 
puhnonic  and  systemic  portions  were  first  demonstrated. 

2.  Why  does  the  left  ventricle  rupture  more  frequently  than 
the  right  ? 

3.  Compare  the  cardiac  sounds. 

4.  What  instruments  have  been  used  to  determine  the  force  of 
the  circulation 

5.  Describe  the  structure  of  arteries  and  mention  some  experi- 
mental proofs  of  their  elasticity  and  contractiMty. 

6.  In  what  vertebrates  can  the  capillary  circulation  be  demon- 
strated by  the  microscope  ? — Describe  it. 

SENIOR. 

1.  Enumerate  the  proofs  of  the  cuxulation. 

2.  Describe  the  fibres  of  the  heart,  including  the  points  in  which 
they  diflfer  from  those  of  voluntary  and  from  other  involuntary 
fibres,  and  from  both. 

.3.  Sketch  the  mechanism  of  the  arterial  valves,  and  mention 
what  supports  them  underneath. 

4.  What  chiefly  produces  the  first  sound  of  the  heart,  and  with 
what  other  cardiac  actions  is  it  synchronous  ? 

5.  With  what  circumstances  in  health  may  the  frequency  of  the 
pulse  vary  ? 

6.  What  evidences  are  there  of  a  circulatory  force  in  the  capil- 
laries ? 


RESPIRATION  AND  ANIMAL  HEAT. 

The  physiological  processes  we  have  heretofore  con- 
sidered, are  for  the  purpose  of  forming  the  tissues  of  the 
body  from  the  blood.  That  fluid  becomes  loaded  with 
results  of  the  destructive  combustion  of  the  old  tissues, 
and  is  freed  from  them  by  the  means  which  this  chapter 
and  the  next  treat  of. 

Respiration,  then,  is  a  process  of  excretion  by  which 
carbonic  acid  and  superfluous  water  are  discharged,  but 
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Fibrous  Coat 


is  also  the  means  by  which  oxygen  is  introduced.  In 
plants  the  interchange  is  reversed,  carbonic  acid  by  them 
being  absorbed  as  food 


and  oxygen  evolved. 
Animals  are  either  aii'- 
breathing  or  water- 
breathing,  according  to 
the  medium  in  which 
the  exchange  takes 
place. 

We  shall  first  de- 
scribe the  structure  of 
the  respiratory  or- 
gans. Air  is  admitted 
through  both  mouth 
and  nostrils,  and  being 
raised  to  a  tempera- 
ture approaching  that 
of  the  lungs,  is  con- 
ducted to  the  trachea. 
This  tube  extends  from 
the  5th  cervical  to  the 
2nd  dorsal  vertebra, 
and  is  about  6  inches 
long  and  f  wide.  It 
consists  of  about  18  or 
20  rings,  each  form- 
ing I  of  a  circle,  the 
tube  being  flat  behind 
where  they  are  defi- 
cient. They  are  set 
in  a  strong  fibrous 
sheath,  which  being 
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Coats  of  Trachea. 

continued  between  them  and  behind  them,  forms  the 
most  essential  part  of  the  tube,  and  it  is  the  first  and 
most  universally  developed.  The  ends  of  the  rings  are 
connected  across  by  unstriped  muscular  fibres— the 
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"  ti-achealis,"  a  striped  muscle  in  birds.  It  can  narrow 
the  tube,  which  for  that  purpose  is  deficient  in  cartilage 
behind,  and  not  merely  to  allow  the  oesophagus  to  distend 
into  it.  Within  these  stmctures  the  tube  is  Hned  by 
branching  longitudinal,  elastic  fibres,  which  continue 
into  the  bronchi,  and  is  finally  coated  by  ciliated  mucous 
membrane,  one  ofi'set  of  the  gastro-pulmonary  tract. 
The  cilia  of  the  whole  pulmonary  tract  produce  a  current 
upwards,  excluding  particles  of  dust  and  expelling  mucus 
and  air  ;  but  they  must,  in  returning  to  the  perpendicu- 
lar, introduce  fresh  air.  There 
are  from  10  to  22  on  each  epithe- 
lial cell  in  man,  but  less  in  those  of 
other  animals.  The  tracheal  glands 
are  tubular  like  the  sweat  glands, 
and  dip  into  the  elastic  coat  and 
trachealis  at  the  back  of  the  tube. 
,  ^  . ,  ,.     ,     They  exhale  an  odorous,  watery 

Ciliated  Epithelmm  of  '  .1 

Trachea  of  the  Cat.  vapOUr. 

The  two  bronchi  into  which  the  trachea  bifurcates 
divide  in  the  lungs  dichotomously,  or  in  binary  order, 
and  doing  so  produce,  according  to  geometrical  progres- 
sion, many  thousand  tubes  whose  diameter  averages 
about  ^u.  As  the  bronchi  become  smaller,  the  rings 
gradually  disappear ;  but  the  muscular,  elastic,  and  ciliated 
coats  last  to  the  terminal  tubes. 

The  lungs  are  made  up  of  the  air  cells  in  which  the 
bronchi  end,  grouped  into  lobules,  which  can  be  recog- 
nized as  polyhedral  masses  on  the  surface.  These 
lobules,  like  those  of  a  racemose  gland  which  the  lung 
much  resembles,  are  joined  by  areolar  tissue,  the  paren- 
chyma, and  constitute  2  lobes  in  the  left,  3  in  the  right 
lunff.  The  whole  organ  is  covered  by  a  smooth,  serous 
envelope,  the  pleura,  which  overcomes  friction,  and  an 
areolar  capsule,  which  is  continuous  with  the  paren- 
chyma, and  which,  by  its  elasticity,  considerably  aids 
expiration.    The  air-cells  of  one  bronchus  do  not  com- 
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municate  with  those  of  another,  but  the  blood-vessels  lie 
between  them  and  send  branches  to  contiguous  lobules. 
When  the  tube  is  near  its  termination  it  loses  muscular 
tissue  and  the  epithelium,  unless  the  latter  be  so  fine  as 
to  escape  microscopic  detection,  as  Rainey  suggests. 
Eadchjffe  Hall  maintains  its  existence.  In  some  animals 
the  air-cells  are  so  small  as  to  be  incapable  of  containing 
a  single  epithelial  cell.  The  tube  ends  by  dilating  into 
a  conical  form,  the  lobular  passage  or  infundibulum  of 
Rossir/nol,  from  the  sides  of  which  the  air-cells  bulge  off, 
and  which  are  thus  sepa- 


rated by  partitions  con 
taining  the  capillaries  ex- 
posed to  air  on  two  sur- 
faces. Two  infundibula, 
the  air-cells  which  project 
from  them,  and  the  areo- 
lar space  which  separates 
them,  are  here  figured. 
Moleschott  asserts  there  is 
muscular  tissue  in  the  walls 
of  air-cells.  The  lobular 
passages  measure  from  ^'^ 
to  afftr,  the  air-cells  from 
200  to  ^icf.  There  are 
about  1700  cells  from  one 


tube,  and  thus  about  600  ^rmc/ual  Tube  bifurcating,  and  one  o/ 
millinnc!  in  hnih  hi-nna  '''"^  branches  again  dividing.  Air- 
mmions    m     DOm     lungs.     cdls.  interlobular  tissue,  and  pleura,  also 

ihe  surface  of  the  lung  is  depicted. 

enormously  increased  by  this  arrangement  of  cells,  and 
has  been  calculated  at  1,400  square  feet  for  both  lungs. 

The  septa  are  so  thin  that  the  capillaries  project  by 
nearly  all  their  circumference  into  the  cavity  of  the  2 
cells.  They  may  pierce  the  wall  of  the  cell,  and  enter 
agam  on  the  opposite  side.  These  minute  vessels  are 
figured  on  next  page,  and  are  best  seen,  by  injecting  size 
into  the  pulmonary  artery  when  it  passes  into  the  capil- 
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laries,  and  by  slicing  when  cold  beautiful  preparations 

are  obtained.  The  capillaries 
are  about  and  their  walls, 
which  alone  separate  the  air  and 
blood,  2  in  thickness.  Pow- 
dered charcoal,  sulphur,  mer- 
cury, and,  according  to  some, 
pus-cells,  are  retained  by  them 
if  introduced  into  the  venous 
circulation.  The  bronchial  ar- 
teries, according  to  Waters, 
merely  noui-ish  the  larger  bron- 
chi and  the  parenchyma,  the 
Air  Cells  and  Capillaries  of  Lung,  pulmonary  artery  supplying  the 

true  respiratory  part  of  the  lung. 

The  movements  of  Eespiration  are  divided  into  those 
of  inspiration  and  expiration,  and  also  intol.  Abdominal, 
where  the  diaphragm  moves  alternately  upwards  and 
downwards  between  the  chest  and  abdomen.  2.  Costo- 
inferior,  where  the  lower  ribs  act ;  these  occur  in  men, 
but,  3,  Costo-superior,  occurs  in  females,  and  produces 
the  heaving  of  the  chest.  Eespiratory  movements  are 
also  classed,  according  to  the  power  employed,  into 
ordinary,  forced,  and  extraordinary. 

Inspiration  is  ordinarily  produced  by  the  action  of 
the  diaphragm.  During  expiration  the  muscle  is  very 
prominently  convex  towards  the  chest,  and  then  descend- 
ing, it  approaches  a  plane,  but  never  attains  it ;  by  this 
simple  change  great  increase  of  capacity  is  produced,  as 
the  thorax  is  very  wide  below.  In  descending,  it  pro- 
trudes the  viscera  towards  the  muscular  abdominal  wall, 
which  then  re- acts  during  expu-ation.  In  animals  which 
possess  a  diaphragm  it  is  essential  to  their  respiration, 
for  if  the  phrenic  nerves  be  divided,  instant  death  occurs. 

The  intercostals  were  carefully  studied  by  Hambercfer 
(Physiologia  Medica,  1751),  who  thus  explained  their 
mechanism  :  the  ribs  are  parallel  bars  movably  jointed 
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to  the  fixed  vertical  spine  and  the  sternum  ;  the  exter- 
nal intercostals,  whose  fibres  slant  downwards  and  for- 


Male  and  Female  Figures,  to  show  the  portions  of  the  Thoracico- Jlhdom'nal 
Cavity  uhich  move  in  ordinary  (continuous  line)  and  Jorced  respiration 
(broken  line). 

wards,  ratse  and  separate  the  ribs,  pushing  forward  the 
sternum  and  increasing  the  thorax  in  the  vertical  and 
antero-posterior  direction ;  the  internal  intercostals  are 
antagonistic,  as  they  slope  upwards  and  forwards,  and 
thus  powerfully  effect  expiration.  As  disease  may  render 
useless  some  one  part  of  the  respiratory  mecllanism,  it  is 
an  admirable  provision  that  other  parts  may  compensate. 
The  following  muscles  are  concerned  in  forced  or  extra- 
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ordinary  inspiration  in  the  order  enumerated  :  levatores 
costarum,  cervicalis  ascendens,  serratus  posticus  superior, 
and  when  the  arm  and  neck  are  fixed,  the  serratus  mag- 
nus,  pectorales,  subclavius,  sterno  mastoideus,  trapezius, 
&c. 

Expiration  is  due  to  the  return  of  the  diaphragm, 
ribs,  and  lungs,  to  the  state  they  were  in  before  inspira- 
tion. The  lungs  are  also  decidedly  muscular,  as  Willimns 
showed  by  stimulating  those  of  a  recently  dead  animal 
by  galvanism,  when  the  air  forced  out  affected  the  flame 
of  a  candle.  Dissection  proves  their  muscularity  and 
elasticity.  The  muscular  tissue  loses  its  irritability  after 
repeated  stimulus,  and  would  seem  to  be  in  a  spasmodic 
state  in  asthma;  hence  the  beneficial  effect  of  anti-spas- 
modics,  above  all,  the  datura  tatula,  in  these  cases.  It 
serves  more  to  regulate  the  amount  of  air  to  any  part 
of  the  lung,  as  that  of  the  arteries  does  with  blood,  than 
to  be  a  usual  expiratory  force,  as  it  would  tend  partly  to 
drive  the  air  back.  It  may  expel  mucus.  Elasticity 
gives  an  expiratory  force  calculated  by  Hutchinson  as 
150  It)  for  the  male,  as  the  surface  of  the  lungs  are  about 
300  sq.  inches ;  and  123^  for  the  female,  the  surface 
being  equal  to  about  247  sq.  inches. 

The  act  of  expiration  is  ^  more  vigorous  than  that  of 
inspiration,  and  will  raise  a  column  of  mercury  10  inches, 
a  force  equivalent  to  over  1000  ft,  or  nearly  half  a  ton. 
This  power  diminishes  according  to  height  after  5  feet  8 
inches,  and  increases  enormously  with  athletic  exercise. 
During  attempted  asphyxia  the  inspiratory  power  is  so 
much  increased,  that  a  dog  will  raise  mercury  4  inches — 
or  if  the  head  be  plunged  in  that  metal,  it  will  be  sucked 
into  the  minutest  bronchial  tubes. 

The  respiratory  movements  fill  the  lungs  much  more 
perfectly  than  insufflation  can,  which  is  also  apt  to  rup- 
ture the  air-cells.  When  a  wound  in  each  pleura  is 
produced  larger  than  the  diameter  of  the  trachea,  death 
occurs  from  compression  of  the  lungs  ;  any  gradual 
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pressure  however  on  one  is  borne,  as  the  other  compen- 
sates. The  rima  glottidis  is  enlarged  during  inspiration 
by  the  crico-arytenoid  muscles,  and  closed — often  spas- 
modically, as  in  cough — during  expiration.  Stertor  in 
coma  and  snoring  in  sleep  are  mainly  due  to  the  same 
closed  condition. 

Occasional  Respiratory  Acts  are  as  follows  : — Sigh- 
ing is  caused  by  the  mental  emotion  abstracting  attention 
'  from  the  breathing  efforts,  when  more  air  is  required, 
and  admitted  by  a  full  inspiration.  Yawning,  in  which 
inspiration  is  still  deeper,  is  involuntary,  and,  as  is  well 
known,  often  imitative.  Sobbing  and  hiccup  are  expira- 
tions with  the  glottis  closed  ;  laughing  and  crying,  with 
it  ,  open.  Coughing  is  a  reflex  movement  excited  by 
mucus,  cold  air,  a  morsel  having  "  gone  the  wrong  way," 
&c.,  and  governed  by  the  medulla  oblongata:  it  is  pre- 
ceded by  a  full  inspiration  and  closure  of  the  glottis, 
which  is  then  suddenly  forced  open.  Sneezing  is  very 
similar,  but  the  air  shut  from  the  mouth  by  the  soft 
palate  rushes  through  the  nose  to  expel  any  irritant.  It 
is  in  some  persons  reflex  through  the  optic  nerve  as  an 
excito-motor  ;  Midler  remarks,  I  sneeze  whenever  the 
bright  light  of  the  sun  falls  on  my  eyes." 

The  number  of  Respirations  is  about  16  or  18  per 
minute,  but  if  oneself  endeavours  to  count  them,  they 
become  more  frequent  by  the  attention  to  the  act. 
Every  5th  is  more  vigorous.  They  are  in  proportion  to 
pulse  as  1  to  4  or  5;  but  in  the  evening  they  increase, 
though  the  pulse  decreases.  In  disease  the  ratio  may  be 
lowered,  as  to  1  to  8  in  typhoid,  and  after  narcotics ;  or 
they  may  even  increase  beyond  the  number  of  the  pulse. 
Thus  Elliotson  relates  a  case  of  hysteria  where  the  respi- 
rations were  106,  pulse  104.  The  respiratory  acts  are 
automatic,  occurring  without  our  being  aware  of  them, 
but  excited  by  the  un-aerated  blood  in  the  lungs,  or  per- 
haps encephalon.  We  cannot  abstain  from  breathing 
for  more  than  20  or  30  seconds,  when  we  are  forced  to 
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inspire  by  most  unpleasant  and  suffocating  sensations. 
The  pneumogastric,  sympathetic,  and  trifacial  are  the 
excito-motor  nerves ;  the  medulla  oblongata  the  centre, 
and  the  facial,  spinal  accessory,  phrenic,  posterior  tho- 
racic, and  intercostal,  the  chief  reflecto-motor  nerves  of 
respiration.  Sir  C.  Bell  grouped  the  last  as  the  respi- 
ratory nerves,  and  tried  to  refer  all  their  origin  to  "the 
respiratory  tract,"  which  he  placed  between  the  olivar}' 
and  restiform  bodies  of  the  medulla,  and  the  anterior  ' 
and  posterior  roots  of  the  ordinary  spinal  nerves.  The 
first  inspiration  is  excited  by  the  cold  air  acting  on  tri- 
facial nerve,  and  Marshall  Hall  relates  that  he  has  seen 
it  delayed  when  the  bed-clothes  covered  the  face.  It 
has  been  also  attributed  to  the  change  of  position  of  the 
viscera  enlarging  the  chest,  and  by  Holler,  "forte  et 
cibi  desiderio  quern  amnii  penu  hauserit."  It  is  some- 
times prevented  by  slow  parturition,  constituting  the 
"  atelectasis  pulmonum"  of  J  org. 

Division  of  the  pneumogastric,  or  main  excito-motor 
nerve,  reduces  the  respirations  to  half  their  number,  and 
makes  them  prolonged  and  laborious,  the  anmial  sinking 
in  some  days  from  gradual  asphyxia  with  congested 
lungs.  Some  of  the  muscles  we  have  enumerated  as 
respiratory  may  serve  other  purposes — thus,  the  serratus 
magnus,  which,  when  scapula  is  fixed,  is  inspiratory,  is 
used  in  moving  the  upper  extremity  when  the  chest  is 
filled  and  the  escape  of  air  prevented.  These  facts  were 
demonstrated  on  a  dog  who  had  the  habit  of  leaping  by 
the  use  of  this  muscle,  for  when  the  trachea  was  perfo- 
rated he  could  not  perform  this  action. 

The  amount  of  Air  taken  in  at  each  ordinary  inspi- 
ration is  about  20  cubic  inches,  but  has  been  estimated 
at  14  and  40.  This  quantity  flowing  in  and  out  of  the 
chest  is  termed  the  "tidal"  or  "breathing  air;"  that  we 
admit  above  this,  "  complemental  air,"  and  which  when 
expelled  by  next  expiration  is  termed  "  supplemental." 
The  amount  which  we  can  expire  over  this  is  termed 
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"  reserved  air,"  and  there  still  remains  in  the  chest", 
"  residual  air,"  which  no  effort  can  expel.     This  is 
roughly  estimated  at  40  cubic  inches,  but,  like  the  pre- 
vious quantities,  varies  very  much.    The  air  which  we 
can  expel  after  the  fullest  in- 
spiration is  said  to  measure 
the  "vital  capacity"  of  the 
chest,  to  which  must  be 
added  the  amount  of  residual 
air,  if  the  quantity  of  air 
which  the  chest  will  hold 
is  required  to  be  known. 
These  terms  have  been  ap- 
plied by  Jeffreys  and  Hut- 
chinson,  the  latter  of  whom 
has  invented  the  spirometer, 
an  instrument  like  a  gas- 
holder,   consisting   of  two 
cylinders,    one  containing 
water  and  the  other  inverted 
within  it,  and  into  which  the 
ail-  is  blown  through  a  tube. 
A  small  dry  gas-meter  makes 
a  cheaper  and  more  accurate 
spirometer.     It  determines 
the   vital  capacity  of  the 
chest,  the  average  of  which 
is  240  cubic  inches  for  men, 
and  scarcely  more  than  half 
that  for  women,  according 
to   Bourgenj.    It  is  influ- 
enced almost  alone  by  height, 
for  corpulency  without  height 
decreases  it.    The  vital  ca- 
pacity increases    8  cubic 
inches   for   every  inch  in 

height,   from    5    to    6    feet.  Hutckin^on-.  spirometer. 
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The  Inca  Indians,  breathing  such  rare  air  so  high  above 
the  sea-level,  have  an  enormous  vital  capacity.  Hut- 
chinson found  the  maximum  to  be  464  C.  I.  in  a  man  7 
feet  high,  and  3081t)  in  weight;  the  minimum,  46  C.  I., 
in  Don  Francisco,  the  dwarf,  whose  height  was  29  inches, 
and  weight  40tb,  Any  wide  departure  from  the  stand- 
ard is  suspicious  of  pulmonary  disease,  or  of  some 
abdominal  tumour  pressing  on  the  chest,  and  thus  the 
spirometer  is  of  use  in  examining  lives  for  insurance. 

The  number  of  respirations,  and  quantity  of  air  in- 
spired at  each,  varying  so  much,  the  diurnal  amount 
must  also  vary;  but  in  the  construction  of  barracks, 
hospitals,  &c.,  from  600  to  1,200  cubic  feet  of  air  space 
is  regarded  as  a  sufficient  quantity  for  each  person.  Of 
such  hygienic  principles  I  have  said  much  in  another 
work.  The  average  vital  capacity  for  a  man  5  feet  8 
inches  high  being  240,  it  will  take  12  inspirations  at  20 
cubic  inches  each  to  change  the  whole  of  the  air  in  the 
lungs.  During  a  year  about  9,000,000  respirations 
occur,  consuming  about  100,000  cubic  feet  of  air,  and 
arterializing  about  3,500  tons  of  blood.  The  amount 
of  air  inspired  is  very  much  lessened  by  tight-lacing, 
which  sadly  interferes  with  the  breathing  apparatus. 
Even  man's  dress  may  prevent  the  full  inspiratory  action, 
as  a  man  who  can  inhale  190  cubic  inches  when  naked, 
can  inspire  but  130  when  dressed. 

Researches  on  the  mechanism  of  respiration,  and  the 
interchange  of  gases  in  the  lungs,  have  still  to  be  con- 
sidered, and  afford  admirable  examples  of  the  application 
of  the  principles  of  physics  to  physiology.  Balton  dis- 
covered that  if  a  light  gas  be  placed  above  a  heavy  one, 
it  will  sink  and  the  heavy  one  rise,  the  particles  of  each 
finding  space  between  those  of  the  other.  This  "diffli- 
sion  of  gases"  occurs,  then,  in  opposition  to  gravitation. 
Graham  further  demonstrated,  that  through  porous  sub- 
stances gases,  if  dry  and  chemically  indifferent,  will  diffuse 
in  inverse  proportion  to  the  square  roots  of  their  densi- 
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ties.  Animal  membranes,  films  of  india-rubber,  shellac, 
soap  bubbles,  are  media  which  permit  difiusion.  Draper 
has  shown  that  a  gas  held  in  solution  will  diflEuse  v/ith 
another  free,  or  two  gases  will  diffuse  through  a  liquid 
although  this  has  no  pores— but  they  will  not  then  obey 
Graham's  law.  It  will  be  seen  that  these  principles 
explain  the  interchange  of  the  fresh  and  the  deoxygenated 
air  in  the  tubes  and  air-cells,  the  passage  of  oxygen  to 
the  blood,  and  of  carbonic  acid  out  of  the  blood,  and 
also  the  exchange  of  these  gases  in  aquatic  respiration. 
The  sugar  brought  so  plentifully  to  the  lungs,  besides 
chemical  functions,  may  promote  osmose ;  water-breath- 
ing animals  die  at  once  if  placed  in  solution  of  sugar. 

The  diffusion  quantities  of  oxygen  and  carbonic  acid 
are  respectively  1,174  and  1,000,  and  it  was  supposed 
that  respiration  mainly  depends  on  the  interchange 
which  these  would  produce,  but  the  changes  during  the 
process  are  far  more  complex.  The  volume  of  expired 
air  is  greater  than  that  of  inspired  in  the  ratio  of  99 "5  to 
97*2,  which  is  due  to  its  containing  more  watery  vapor 
and  being  inore  rarified  by  heat.  If  the  water  be  re- 
moved, and  the  temperature  reduced,  the  volume  of  the 
expired  air  is  less  than  that  of  inspired  according  to  the 
loss  of  oxygen,  for  carbonic  acid  has  only  the  same 
volume  as  that  of  the  oxygen  in  it. 

The  Chemical  Phenomena  of  respiration  will  be  best 
understood  by  considering  the  changes  the  air  under- 
goes, and  we  will  therefore  first  study  the  average  com- 
position of  pure  atmospheric  air,  which,  excluding  me- 
chanical impurities — as  particles  of  dust,  sporules  of 
plants,  animal  matters,  and  the  gases  emitted  from 
factories — is  remarkably  uniform ;  so  that  the  different 
effects  of  the  bracing  country  air  and  that  of  the  close 
city  were  for  a  long  time  unexplained.  In  my  "Lectures 
on  Public  Health,"  I  have  drawn  attention  to  gaseous 
and  suspended  organic  impurities  in  the  air,  the  ill 
effects  they  were  capable  of  producing,  and  the  means  by 
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which  they  may  be  each  detected  and  remedied.  The 
composition  of  atmospheric  air,  when  filtered  from  sus- 
pended particles  of  animal  debris  and  other  organic  mat- 
ters which  the  cilia  probably  reject,  is  as  follows  : 

Oxygen   20-61 

Nitrogen   77-95 

Carbonic  acid   -04 

Aqueous  vapour   1-40 

Ozone  , 

Ammonia  

Nitric  acid  

Carbonetted  hydrogen  ( 
Sulphuretted  hydrogen  j 
Sulphurous  acid  / 


traces 


In  towns 


Such  air  by  respiration  becomes  (1)  warmed;  (2)  de- 
oxygenated  ;  (3)  charged  with  carbonic  acid  ;  and  (4) 
with  water. 

1.  It  usually  approaches  blood-heat — more  or  less  ac- 
cording to  the  time  it  remains  in  the  lungs,  and  will  thus 
be  warmer  than  the  surrounding  air,  save  in  very  hot 
climates. 

2.  The  amount  of  Oxygen  taken  from  the  air  has 
been  calculated  at  about  4  per  cent.,  and  a  correspond- 
ing amount  of  carbonic  acid  is  given  in  exchange.  The 
oxygen  enters  into  association  with  the  red-cells,  which 
carry  it  all  over  the  body,  as  there  is  no  tissue  which 
does  not  require  it  for  the  removal  of  effete  matter,  or 
as  its  proper  excitant.  Muscle,  for  instance,  as  Liebig 
has  proved,  will  absorb  oxygen  and  emit  carbonic  acid 
as  long  as  irritability  remains,  and  although  deprived  of 
blood.  Insects  have  no  true  blood,  yet  perform  the  in- 
terchange in  their  tissues. 

The  Theory  of  Respiration  propounded  by  Liebig  w&s, 
that  the  venous  blood  contained  carbonic  acid  as  a  car- 
bonate of  protoxide  of  iron,  and  gave  it  off  in  the  lungs, 
where,  taking  more  oxygen,  the  ixon  became  a  peroxide. 
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Ellis  believed  the  venous  blood  to  contain  a  hydro- 
carbon, which  the  oxygen  in  the  lungs  converted  into 
carbonic  acid  and  water.  Verdeil  stated  that  the  evolu- 
tion of  carbonic  acid  was  due  to  a  peculiar  acid  he  de- 
scribed in  lung  tissue,  the  pulmonic,"  which  decom- 
posed the  bicarbonate  of  soda  of  venous  blood.  Bernard 
finds  that  injection  of  solution  of  this  salt  into  the  jugu- 
lar vein  kills  the  animal  by  the  evolution  of  carbonic 
acid.  Exposure  to  a  rare  atmosphere  causes  the  bicar- 
bonate to  give  off  carbonic  acid.  The  theory  of  respi- 
ration suggested  in  1791  by  Lagrange  and  Hassenfratz, 
and  supported  by  Magnus — who  has  discovered  carbonic 
acid  in  venous,  and  oxygen  in  arterial  blood — is,  that 
the  oxygen  taken  in  uncombined  by  the  arterial  blood, 
converts  the  effete  products  throughout  the  whole  system 
■  into  carbonic  acid,  which,  returned  by  the  venous  blood, 
is  expired  from  the  lungs. 

3.  The  amoTint  of  Carbonic  Acid  varies  very  much, 
4  per  cent,  of  the  air  expired  being  a  fair  average  quan- 
tity, and  will  be  equivalent  to  160  grs.  of  carbon  per 
hour,  or  8,840  grs.  (8  ozs.  troy)  in  the  24  hours.  Br. 
E.  Synith  found  he  expired  24*274  ozs.  of  carbonic  acid, 
and  Dr.  Frankland  16-42.  The  amount  evolved  is  in- 
fluenced by  the  following  circumstances  : 

INCREASED  DECREASED 

By  low  temperature.  By  high  temperature. 

„  neuro-muscular  power.  ,",  debility. 
»»  food.  stan'ation. 

„  skin  diseases.  „  typhus  and  chronic  lung  dis- 
eases. 

„  exertion.  repose. 

„  wakeful  state.  „  sleep. 

alcohol,  tea,  &c. 
Up  to  30  years  age.  After  45. 

In  male.  In   female,   especially  during 

menstruation. 

lo  a  maxunum  at  noon.  To  a  minimum  at  midnight. 

»        "  spring.  „  i„  autumn. 

As  regards  the  influence  of  stimulant  drinks,  the  ex- 
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periments  of  Dr.  E.  Smith  show  results  which  are  hard 
to  reconcile.  He  found  brandy,  whiskey,  and  gin  les- 
sened the  production  of  carbonic  acid  ;  rum,  ale,  porter, 
tea,  coffee,  and  cocoa  increased  it,  a  result  quite  opposed 
to  the  statements  of  Prout  and  Bocker.  He  proves  that 
more  carbonic  acid  is  evolved  in  a  moist  air ;  and  as  this 
is  a  measure  of  the  waste  of  tissue,  it  shows  the  hygienic 
value  of  a  dry  climate.  Cod  liver  oil  lowers  respiratory 
waste — hence  partly  its  efficacy  in  phthisis ;  though,  if 
tubercle  consists  of  unoxidised  carbon,  as  contended  for 
by  Dr.  MacCormac  of  Belfast,  matters  which  increase 
the  amount  of  carbonic  acid  would  be  more  suitable. 
Inhalation  of  chloroform  remarkably  decreases  the  evo- 
lution of  carbonic  acid,  and  that  agent  owes  its  efficacy  as 
an  anaesthetic  to  its  not  being  combustible  in  the  blood. 

4.  The  amount  of  "Watery  Vapour  is  between  16  and 
20  ozs.  in  the  24  hours,  as  determined  by  the  well- 
known  experiments  of  Lavoisier  and  Segxiin,  which  also 
show  its  proportion  to  cutaneous  transpiration.  They 
enclosed  the  body  in  an  air-tight  bag,  and  breathed  into 
a  vessel.  The  amount  of  water  thus  collected  was  equi- 
valent to  18grs.  per  minute,  of  which  11  came  from 
skin,  7  from  lungs.  The  water  is  partly  derived  from 
the  blood  by  exhalation  and  partly  produced  by  the  oxi- 
dation of  the  hydrogen  in  food  and  tissues.  It  holds 
dissolved  carbonic  acid — the  amount  of  which  has  not 
been  duly  accounted  in  determining  its  evolution  from 
the  lungs — and  a  peculiar  animal  matter,  probably  albu- 
minous, and  similar  in  odour  to  the  skin  and  blood. 
This  fetid  matter  is  much  increased  by  indigestion, 
when  some  unassimilated  substances  are  got  rid  of  by  the 
lungs.  Odorous  matters,  as  camphor,  alcohol,  turpen- 
tine, rapidly  appear  in  the  breath  if  swallowed,  or  may 
by  inhalation  be  introduced  into  the  system. 

Nitrogen  in  air  acts  merely  as  a  diluent,  and  accord- 
ing to  BoussingnuU,  is  given  off  into  expired  air  more 
frequently  than  absorbed. 
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Ammonia  is  also  expired,  as  proved  by  breathing  on 
a  microscope  glass  which  is  exposed  to  the  vapour  of 
hydrochloric  acid,  when  crystals  may  be  obtained,  and 
common  salt  and  urates  may  be  found  in  the  pulmonary 
exhalation. 

Asphyxia  is  the  term  by  which  the  cessation  of  respi- 
ration is  usually  denoted,  but  apnoea  is  a  more  correct 
expression.  It  may  result  from  the  introduction  of 
some  gas  not  containing  oxygen,  which  we  have  seen  is 
essential  to  respiration,  or  from  the  exclusion  of  atmos- 
pheric air,  as  in  drowning  or  suffocation.  Gases  are 
either  respirable  or  irrespirable.  The  former  may  be 
noxious  fi'om  excess  of  oxygen,  from  want  of  it,  or  from 
containing  some  positively  injurious  agent.  The  latter 
prove  fatal  in  the  same  way  as  a  mechanical  obstruction, 
for  the  glottis  spasmodically  closes  and  excludes  them  : 
if  in  small  quantity  they  merely  excite  coughing. 

The  chief  examples  of  these  classes  of  gases  are  here 
tabulated : 

I.  Eespirable  gases,  injurious  by 

EXCESS.  DEFICIENCY,  POISONOUS  aUALITT. 

Oxygen,  Nitrogen,  Carbonetted  hydrogen, 

Nitrous  oxide.       Hydrogen.         Phosphuretted  hydrogen, 

Sulphuretted  hydrogen, 
Arsfniuretted  hydrogen, 
Kakodyl, 
Cyanogen, 
Carbonic  oxide, 
Carbonic  acid. 

n.  Irrespirable  gases : 

Nitrous  acid,         Fluosilicic  acid, 
Chlorine,  Ammonia. 

When  animals  are  made  to  respire  pure  oxygen  their 
blood  becomes  of  a  bright  scarlet,  all  the  functions  are 
excited,  but  stupefaction  ensues  from  the  great  pro- 
duction of  carbonic  acid.  Sir  H.  Davy  discovered  that 
nitrous  oxide  can  be  breathed  for  some  time.  It  excites 
the  nervous  system,  producing  slight  delirium  and  often 
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laughter  (hence  its  popular  name  of  "laughing  gas"), 
and  if  longer  continued  stupefaction  or  syncope  follow. 
Ziimnervinn  found  that  animals  evolved  \  more  car- 
bonic acid  when  breathing  this  gas.  Hydrogen,  like 
nitrogen,  if  pure,  is  not  in  itself  injurious,  for  if  oxygen 
be  mixed  with  it,  animals  breathe  the  mixture  with  im- 
punity. Carbonic  acid  is  usually  supposed  to  produce 
a  dark  colour  of  the  blood,  and  carbonic  oxide  a  pre- 
cisely opposite  effect.  These  two  gases  are  generated 
by  the  burning  of  charcoal,  which  is  a  common  mode  of 
suicide  in  Paris.  That  carbonic  acid  is  really  poisonous 
was  shown  by  Bolando.  He  tied  one  bronchus  in  a 
land  tortoise  and  the  animal  sm-vived;  but  when  he 
passed  carbonic  acid  through  one,  and  allowed  the  other 
to  inspire  air,  death  soon  occurred.  Arsenical  gases 
are  the  most  intensely  poisonous,  an  almost  inappreci- 
able quantity  having  destroyed  the  life  of  Mr.  Brittain, 
a  chemist  in  this  city  some  years  ago. 

When  atmospheric  air  is  excluded  from  the  lungs,  the 
movement  of  the  blood  in  their  capillaries  almost  im- 
mediately stops,  and  the  right  side  of  the  heart  and  whole 
venous  system  become  loaded  with  blood.  The  blood 
on  the  left  side  of  the  heart  and  arteries  is  scanty,  and  re- 
mains unarterialised.  Prof.  Drajjer,  as  before-mentioned, 
regards  the  interchange  of  gases  in  the  lung  as  the  main 
cause  of  the  circulation,  and  thus  stagnation  must  occur 
if  such  interchange  be  prevented  ;  but  circulation  can 
again  go  on  if  air — or,  still  better,  oxygen— be  admitted. 
A  stream  of  carbonic  acid  directed  on  the  capillaries  in 
the  web  of  the  frog's  foot  will  stagnate  the  blood-cells 
within  them.  This  effect,  and  their  incapability  of  pass- 
ing through  the  pulmonary  capillaries,  is  probably  due 
to  the  increase  of  size  which  that  gas  produces.  Erichsen 
performed  the  following  experiment,  to  show  that  some 
blood  will  still  flow  through  the  lungs  from  which  air  is 
excluded  if  the  action  of  the  heart  be  kept  up.  He 
pithed  dogs,  kept  up  artificial  respiration  in  the  left  lung. 
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but  tied  the  right  bronchus  ;  he  found  that  as  long  as 
the  heart  beat,  some  dark  blood  flowed  from  the  right 
pulmonary  veins,  and  scarlet  blood  freely  from  the  left. 
Another  of  his  experiments  went  to  prove  that  asphyxia 
does  not  depend  on  the  passage  of  venous  blood  through 
the  nervous  centre,  as  he  found  animals  died  in  the  usual 
time  although  arterial  blood  was  made  to  flow  freely 
through  them.  Ackermann  also  has  observed  the  con- 
dition of  the  brain  during  asphyxia,  by  trephining  and 
inserting  a  glass  plate  into  the  aperture ;  he  asserts  that 
there  is  always  remarkable  anemia.  It  may  be  objected 
that  the  cranial  vessels  are  always  found  full  after  death, 
but  gravitation  of  the  blood  which  remains  fluid  would 
account  for  this.  Animals  will  live  longer  if  merely  de- 
prived of  air  than  if  they  are  submerged  in  water ;  thus, 
drowning  kills  by  the  absence  of  air,  the  poisonous  efiects 
of  the  retained  carbonic  acid,  and  the  entrance  of  water 
into  the  respiratory  passages. 

A  committee  of  the  Royal  Medical  and  Chirurgical 
Society,  which  investigated  this  subject  some  months 
ago,  found  that  dogs  were  deprived  of  life  by  being  kept 
under  water  for  1\  minutes.  When  simply  deprived  of 
air,  as  by  plugging  the  trachea,  respiratory  movements 
continued  for  4  min.  5  sec,  and  the  heart  continued 
to  beat  for  7  min.  11  sec,  or  3  min.  6  sec.  after  all 
respiratory  eiforts  had  ceased.  Rabbits  afi'orded  a  com- 
plete exception  to  the  latter  fact.  Dogs  will  recover  by 
themselves  after  air  has  been  excluded  for  3  min.  and 
50  sec.  The  rapidity  of  death  by  di'owning  is  owing 
mainly  to  the  entrance  of  water  into  the  lungs,  and  if  the 
inspiratory  efforts  are  enfeebled  by  intoxication,  narcotic 
poisoning  &c,  life  may  be  prolonged  considerably.  The 
same  committee  investigated  the  respective  merits  of  the 
Marshall  Hail  and  Silvester  methods  for  restoring  persons 
drowned.  The  former,  termed  "  the  ready  method," 
consists  in  rolling  the  body  alternately  from  the  front 
to  the  side  and  back  again,  so  as  to  compress  the  thorax 
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and  allow  it  to  expand  again.  It  was  found  that  never 
more  than  15  cubic  inches  of  air  could  be  thus  intro- 
duced into  the  lungs  of  a  dead  subject.  Dr.  Silvester's 
plan  is  to  alternately  raise  and  depress  the  arms,  and 
thus  expand  and  contract  the  capacity  of  the  chest.  As 
44  cubic  inches  can  be  thus  sucked  in,  and  as  the  warm 
bath  can  be  employed  at  the  same  time,  it  seems  the 
most  trustworthy. 

Animal  Heat. —  Organic  bodies  are  warmed  directly 
by  the  sun's  rays  to  a  degree  varying  with  the  diurnal 
rotation  of  the  earth,  producing  day  and  night,  and  with 
the  earth's  course  round  the  sun,  producing  the  change 
of  seasons.  Heat  is  also  radiated  from  the  earth,  where 
it  is  either  stored  up  from  the  sun's  rays  or  generated  in 
the  interior.  But  animals,  and  man  above  all,  are  in- 
dependent of  these  influences,  for  they  can  produce  a  tem- 
perature far  more  equable  within  themselves.  Man's 
temperature  averages  about  100°  Fahrenheit,  or  accord- 
ing to  Brown- Sequard  103°,  being  somewhat  higher  in 
such  internal  parts  as  the  rectum  and  vagina,  and  gra- 
dually lower  as  we  proceed  towards  parts  farther  from  the 
centre  of  the  body.  Dr.  John  Davy  found  it  but  90°  at 
the  sole  of  the  foot.  Becquerel  and  Breschet  showed  the 
deeper  parts  had  the  highest  temperature,  by  inserting 
wires  connected  with  a  thermo-electric  apparatus ;  thus 
while  the  heat  was  98°  at  1^  inches  from  the  surface,  it 
was  but  94°  at  ^  inch.  They  found  muscle  the  warmest 
tissue,  especially  during  contraction,  when  it  was  raised 
2  or  3  degrees. 

Disease  alters  the  temperature  considerably  :  thus,  in 
scarlatina  and  fever  it  has  attained  107°,  in  tetanus 
110-75°,  and  in  phthisis  and  pneumonia,  owing  to  the 
diminished  oxidation  in  the  lungs,  the  skin  acquu-es  a 
great  increase  of  heat.  All  practical  physicians  must 
have  felt  the  "  calor  mordax "  of  acute  pneumonia.  In 
Asiatic  cholera  and  morbus  croruleus  the  temperature 
may  be  as  low  as  77°  in  the  mouth. 
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The  mean  temperatures  of  some  animals  are  stated  in 
the  following  table : 


It  is  remarkable  that  all  animals  are  exceeded  by  a 
plant,  the  arum  cordifolium,  which  during  its  inflores- 
cence has  attained,  in  air  at  66'',  the  enormous  heat  of 
121°.  The  temperature  of  many  animals  varies  much 
with  the  medium  in  which  they  live,  most  reptiles  and 
fish  being  but  a  degree  or  two  above  the  temperature  of 
ail-  or  water.  Humboldt  has  seen  fish  thrown  alive 
from  volcanoes  in  water  at  210°.  Heat  is  generated  by 
even  the  humblest  invertebrates,  for  if  water  containing 
infusoria  be  frozen  under  the  microscope,  each  animal- 
cule will  for  a  long  time  keep  a  space  of  water  about  it. 
This  may  be  due  to  ciliary  motion. 

It  is  astonishing  what  variations  of  temperature  man 
will  bear.  Arctic  voyagers,  Parnj,  Back,  and  recently 
our  illustrious  countryman.  Sir  Leojjolcl  3I'Clintock,  have 
borne  very  low  temperatures  without  much  inconveni- 
ence if  the  air  was  still;  but  wind,  by  constantly  substi- 
tuting a  fresh,  cold  atmosphere  for  that  which  the  body 
had  heated,  was  intolerable.  Cold  can  be  produced  arti- 
ficially as  low  as  — 166°,  and  the  greatest  natural  cold 
ever  observed  was  in  55°  N.  lat.,  where  the  thermometer 
fell  to  91*75°  below  zero  ;  while  in  India  the  tempera- 
ture is  often  llO''.  So  that  man  can  preserve  a  uniform 
temperature  in  a  medium  varying  through  a  range  of  over 
200°.  Under  such  variations  of  external  temperature, 
that  of  the  body  remains  nearly  uniform,  for  it  is  found 
that  animals  perish  if  their  temperature  is  raised  11° 
above  the  normal  standard. 

Hybernation  is  a  condition  of  torpidity  which  low 
temperatures  will  produce  in  some  animals — for  instance, 


Swallow    ...  111-25 
Bat         ...  105-50 
Squirrel    ...  105 
Seal  &  Whale  104 


Man 
Ape 
Carp 


Toad 


100 
95-9 
51-25 
51-6 
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the  marmot,  hamster,  dormouse,  beaver,  hedgehog,  bat, 
&c.,  which  being  mostly  insectivorous,  would  perish 
from  want  of  food  were  it  not  for  this  admirable  pro- 
vision. Artificial  hybernation  may  be  produced  in  sum- 
mer by  cold.  The  bat,  which  of  all  mammals  has  the 
highest  temperature,  becomes  reduced  in  the  torpid  state 
to  a  few  degrees  above  the  suiTounding  air,  and  its  pulse 
falls  from  200  to  28  per  minute.  In  the  marmot  the 
pulse  falls  from  150  to  15  per  minute,  and  the  number 
of  respirations  fi-om  8  per  minute  to  1  every  4  or  5 
minutes.  But  3^  the  former  amount  of  oxygen  is  con- 
sumed. 

That  some  fuel  is,  however,  consumed  is  shown  by 
the  formation  of  a  fatty  mass,  probably  the  thymus,  in 
the  anterior  mediastinum  before  hybernation,  and  the 
enormous  reduction  of  fat  after  being  some  months  dor- 
mant, even  to  the  amount  of  xoir  of  its  former  quantity. 
Strangely  enough,  however,  the  animal  at  first  gains 
weight  by  absorbing  oxygen,  which  is  then  discharged 
as  water  by  the  kidneys.  They  can  bear  conditions 
which  would  rapidly  asphyxiate  them  in  the  wakeful 
state.  Thus  a  hedgehog  may  be  kept  22|-  minutes 
under  water,  and  SjMUanz'ini  kept  a  marmot  for  4  hours 
in  carbonic  acid,  without  injmy.  It  may  be  noted  as  a 
curious  anatomical  fact,  the  reason  of  which  is  unknown, 
that  an  artery  similar  to  the  internal  carotid  passes 
through  the  stapes  of  many  hybernating  animals,  and 
that  the  coecum  is  usually  absent. 

Calorific  Power  does  not  seem  fully  developed  in 
young  animals,  as  Edwards  has  proved  that  they  are 
easily  killed  by  deprivation  of  artificial  heat.  This  sug- 
gestive practical  fact  may  be  perhaps  accounted  for  by 
the  nature  of  their  food.  Prematui-e  children  especially 
require  artificial  warmth.  In  ascending  high  mountains 
men  are  chilled  to  the  bones,  and  this  is  due  to  the 
rarity  of  the  air  and  consequent  iusufficiency  of  oxygen, 
as  well  as  the  low  temperature  at  such  altitudes.  For 
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the  same  reason  they  suffer  from  muscular  inactivity. 
Such  effects  are  not  produced  by  descending  in  diving- 
bells,  notwithstanding  the  decreasing  temperature,  as 
the  air  is  condensed  and  the  supply  of  oxygen  abundant. 

The  Cause  of  Animal  Heat  is  oxidation  of  the  tissues 
and  food,  and  is  therefore  identical  with  combustion,  as 
shown  by  Lavoisier.  The  fuel  consists  mainly  of  carbon, 
hydrogen,  sulphur,  and  phosphorus,  and  is  supplied  both 
by  the  tissues,  which  perish  the  moment  they  perform 
their  function,  and  by  such  food  as  fat,  sugar,  and  starch, 
which  abound  in  carbon  and  hydrogen.  It  is  calculated 
that  the  amount  of  caloric  generated  by  man  in  24  hours 
would  raise  6  gallons  or  601t)  of  water  from  32''  to  212°, 
which  affords  the  most  convenient  measui'e  of  heat.  That 
this  great  amount  would  be  produced  by  the  combustion 
of  as  much  carbon  as  is  expired  in  the  form  of  carbonic 
acid,  experiments  have  disproved,  and  the  rest  of  the 
oxygen  inspired  is  used  in  converting  hydrogen  into 
water,  which  the  lungs  exliale,  and  in  producing  sul- 
phuric and  phosphoric  acids  from  sulphur  and  phospho- 
rus. These  acids  combined  with  bases  are  excreted  by 
the  kidney.  Ordinary  oxygen  would  not  combine  with 
hydrogen  (flame  or  electric  spark  being  usually  required 
to  unite  them)  or  with  carbon,  sulphur,  or  phosphorus, 
with  suflficient  energy  or  rapidity,  and  it  is  probably  con- 
densed into  the  liquid  state  with  the  red- cells  of  the 
blood,  or  in  some  allotropic  form — perhaps  ozone.  The 
cold,  and  want  of  neuro-muscular  power  in  ascending  into 
an  elevated  atmosphere  where  fires  will  scarcely  burn, 
shows  how  dependent  we  are  on  a  due  amount  of  oxygen. 

The  entire  amount  of  heat  liberated  cannot  be  account- 
ed for  by  oxidation,  and  other  chemical,  electrical,  and 
perhaps  such  mechanical  actions  as  friction,  are  supposed 
to  contribute  to  its  production.  The  conversion  of  fluid 
blood  into  solid  tissues  must  also  set  free  heat.  Heat 
is  said  to  be  highest  in  plants  when  they  are  absorbing 
carbonic  acid  and  emitting  oxygen,  bnt  during  germina- 
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tion  and  flowering,  carbonic  acid  is  produced  and  great 
heat  is  developed. 

Food  is  believed  by  Liehig  tn  afford  the  heat  of  the 
body  by  direct  oxidation  of  its  hydro-carbonaceous  con- 
stituents, and  87  per  cent,  of  that  generated  by  herbivora, 
and  78  in  carnivora,  can  be  so  accounted  for.  The 
character  of  food  is  much  influenced  by  climate ;  in  cold 
countries  fats  and  carbo-hydrates  must  be  supplied,  and 
the  Laplander  is  instinctively  prompted  to  regard  the 
filthiest  oils  his  choicest  luxury.  Chossafs  experiments 
on  starvation,  which  have  been  before  alluded  to,  showed 
that  cold  constantly  occurred  when  food  was  withheld, 
and  that  the  fat,  muscles,  and,  lastly,  nervous  matter 
gave  way  to  combustion.  Fat  animals  will  bear  starva- 
tion much  longer  than  lean  ones.  A  fat  pig  lived  160 
days  without  food,  being  confined  by  a  chalk  bank,  but 
lost  over  1201t)  in  weight.  The  amount  of  heat  pro- 
duced is  then  very  nearly  proportional  to  the  quantity 
of  carbonic  acid  evolved,  and  the  circumstances  under 
which  this  varies  have  been  referred  to  at  p.  163.  The 
amount  of  oxygen  absorbed  by  plants  in  germination  and 
flowering  is  enormous.  The  sexual  organs  of  the  arum 
have  been  found  to  take  in  132  times  their  volume  of 
the  gas  in  24  hours. 

The  skin  is  to  a  certain  extent  a  respiratory  and  heat- 
producing  organ,  and  between  -j-V  and  e'o  as  much  car- 
bonic acid  is  emitted  by  it  as  by  the  lungs.  The  bub- 
bles which  rise  from  a  limb  placed  in  water  are  com- 
posed of  this  gas,  as  shown  by  using  lime-water.  The 
moist  skin  of  amphibia  has  much  greater  aerating  power, 
and  the  frog  still  lives  when  the  mouth  is  closed 
entirely.  They  will  live  under  water  if  its  temperature 
be  under  48°  ;  if  higher,  their  tissue- waste  is  gi-eater, 
and  they  must  have  aerial  respiration.  Becguerel  and 
Breschet's  experiments  show  that  even  in  mammals  the 
heating  power  of  the  skin  is  necessary  to  life,  for  by 
shaving  and  varnishing  rabbits  they  found  the  animals 
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rapidly  cooled  and  died.  Before  leaving  this  part  of  the 
subject  two  theories,  which  for  a  long  time  gained  credit, 
may  be  noted:  Dr.  Black,  the  discoverer  of  cai'bonio 
acid,  supposed  that  all  the  combustion,  and  therefore  all 
animal  heat,  was  produced  in  the  lungs.  The  evident 
objection  to  this  view,  that  the  lungs  would  be  the  only 
part  heated,  was  attempted  to  be  explained  away  by 
Crawford's  theory :  he  supposed  that  the  heat  was  ren- 
dered latent  by  the  arterial  blood,  which  had  a  greater 
capacity  than  venous,  and  was  thus  distributed  through 
the  body. 

The  influence  of  the  Nervous  System  on  animal  heat 
is  so  great  that  Sir  B.  Brodie  concluded  it  was  entirely 
so  produced.  He  pithed  animals — that  is,  removed  their 
cerebro-spinal  axis — and  kept  up  artificial  respiration, 
yet  the  animals  cooled.  He  introduced  air  too  quickly — 
for  others,  by  causing  only  12  respirations  per  minute, 
have  obtained  opposite  results.  De  La  Rive  supposes 
that  the  sympathetic  and  cerebro-spinal  systems  are  as 
negative  and  positive  poles,  and  so  evolve  heat.  Bernard 
has  shown  that  the  section  of  the  sympathetic  in  the  neck 
immediately  and  permanently  increases  the  temperature 
on  that  side  of  the  neck  and  face  by  11?,  or  even  more. 
This  elevation  disappears  if  a  galvanic  current  be  applied 
to  the  upper  segment,  and  recurs  if  it  be  removed.  Chlo- 
roform acts  similarly.  The  progress  of  inflammation  is 
much  more  rapid  on  the  injured  side.  The  same  section 
dilates  the  vessels  as  those  of  conjunctiva,  but  such  afliux 
of  blood  is  not  the  cause  of  the  increased  heat,  as  it  takes 
place  even  when  the  vessels  are  tied.  The  increase  is  pro- 
bably due  to  greater  oxidation  of  the  tissues,  now  no  longer 
protected  by  nervous  influence ;  and  perhaps,  too,  the 
supply  of  nutritive  matter  is  also  burned  ofi",  as  it  cannot 
be  appropriated,  innervation  being  essential  to  nutrition. 
Bernard  states  that  division  of  a  sensitive  or  motor 
nerve  is  followed  by  decrease  of  heat.  Although  sudden 
injury  to  the  nervous  system  may  temporarily  heighten 
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the  temperature,  paralyzed  parts  are  invariably  lower,  as 
proved  by  Dmglison  and  by  Earle,  who  found  a  differ- 
ence of  22°,  which  was  lessened  7°  by  an  electric  cur- 
rent. Those  remarkable  cases  of  great  elevation  of 
temperature  after  death  by  cholera  and  yellow  fever, 
prove  the  influence  of  the  nervous  system  not  to  be 
essential.  The  increase  occurred  between  the  periods  of 
somatic  and  molecular  death.  The  nervous  system  then 
can  control,  though  it  does  not  generate  heat — ^just,  as 
Dra2)er  remarks,  the  engineer  of  the  locomotive  can 
regulate,  though  he  cannot  produce  heat ;  and  if  he  be 
removed,  or  the  nerves  divided,  all  regulation  of  tempera- 
ture ceases.  Nervous  influence  may  prevent  the  indis- 
criminate removal  of  all  particles  the  destroying  oxygen 
meets  with.  Draper  appeals  to  the  following  facts  in 
physics  as  showing  a  similar  controlling  action : — if  a 
plate  of  zinc  and  one  of  copper  be  kept  apart  in  acidu- 
lated water,  no  voltaic  action  goes  on,  but  at  once  occurs 
if  they  are  connected  by  a  conducting  wire.  Newly 
made  lamp-black  will  ignite  spontaneously  on  exposure 
to  air;  whereas  diamond,  chemically  identical,  but  allo- 
tropic,  is  quite  unchangeable.  There  may  be  allotropism 
of  organic  bodies  under  the  control  of  the  nervous  system. 

Cooling  Influences  are,  of  course,  necessaiy  to  pre- 
serve the  uniform  temperature  of  the  human  body.  Heat 
is  lost  (1)  by  radiation  from  the  skin  and  its  contact 
with  air,  from  30  to  50  degrees  colder  at  least  in  our 
climate  than  the  body.  Man's  reason  has  taught  him 
to  regulate  this  by  placing  bad  conductors,  as  warm 
clothing,  on  his  surface ;  (2)  by  evaporation,  there  being 
lost  by  cutaneous  and  pulmonary  surfaces  some  3  or 
4  tb  of  water  daily  ;  this  powerful  cooling  agency,  how- 
ever, varies  much  with  the  hygrometric  state  of  the 
atmosphere.  The  dark  surface  of  the  negro  absorbs  the 
heating  rays  of  the  sun,  and  thus,  by  great  evaporation, 
can  sustain  a  climate  intolerable  to  others.  The  lady's 
fan  does  not  propel  colder  air  against  the  face,  but 
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merely  promotes  evaporation  by  fresh  portions  of  air. 
Chabert,  "the  fire-king,"  Blagclen,  and  the  workmen  of 
Sir  F.  Chantrey,  the  sculptor,  have  borne  extraordinary 
temperatures,  the  former  having  entered  a  chamber  of 
which  the  temperature  was  between  400°  and  600°.  The 
air  should  be  dry,  for  if  moist,  no  evaporation  was 
allowed,  and  such  heat  was  intolerable.  The  hand,  if 
damp,  may  be  put  into  molten  metals,  for  a  layer  of 
spheroidal  particles  of  water  intervenes,  and  prevents 
any  great  rise  of  temperature.  3.  The  air  we  breathe 
abstracts  heat  from  the  nasal  bronchial  and  pulmonary 
surfaces,  and  thus  affords  another  cooling  agency,  having 
the  advantage  of  raising  the  temperature  of  the  air  to  a 
degree  which  will  not  chill  the  pulmonary  capillaries. 
When  cold  air  is  admitted  by  an  opening  in  the  trachea, 
made  suicidally  or  by  the  operative  surgeon,  fatal  bron- 
chitis is  often  excited.  The  fatality  of  the  same  disease 
in  infancy  and  old  age,  when  calorific  power  is  not  ener- 
getic, is  well  known. 

Light  is  another  physical  agent  which  is  believed  to 
influence  the  development  and  other  nutritive  changes  of 
animals.  It  was  asserted  in  1824  by  W.  F.  Edwards, 
that  the  tadpole,  if  deprived  of  light,  did  not  become 
developed  into  the  perfect  frog.  This  statement,  how- 
ever, cannot  be  now  accepted  as  true,  as  Mr.  Higgin- 
hotham,  and  Dr.  R.  M'Donnell  have  conducted  some  most 
interesting  experiments,  which  prove  that  the  arrest  of 
developmental  change  is  due  to  the  low  temperature  and 
absence  of  oxygen  and  proper  vegetable  and  animal  food, 
rather  than  to  the  denial  of  light.  The  latter  has  dis- 
cussed the  whole  subject  in  an  able  paper  in  "Le  Jour- 
nal de  la  Physiologie,  No.  d'Octobre,  1859."  Elevation 
of  temperature  hastens  the  metamorphosis,  and  in  this 
way  the  heating  rays  of  the  sun  may  have  some  slight 
influence.  In  the  same  memoir  he  also  shows  the  homo- 
logy of  the  swimming  bladder  of  fishes  to  the  lungs  of 
higher  vertebrates.  The  pigmentary  matter  of  the  blood 
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and  of  tissues,  which  is  probably  derived  from  it,  is  not 
fully  developed  in  man  or  animals  deprived  of  light ;  but 
as  in  such  cases  there  is  usually  also  a  deficiency  of 
oxygen,  the  effect  may  be  due  to  the  latter  agent. 
Darkness  is  usually  considered  to  be  favoui-able  to  the 
fattening  of  cattle  and  geese,  as  seen  in  the  cruel  ex- 
pedient they  adopt  in  Strasburg  to  increase  the  bird's 
liver,  for  making  the  " paiie  de  foie  gras."  Other  animals, 
however,  seem  induced  to  eat  excessively  if  strong  light 
is  made  to  alternate  with  darkness ;  and  the  manner  in 
which  Italian  gourmands  employ  this  principle  for  the 
fattening  of  ortolans,  is  amusingly  narrated  in  the  work 
on  Italy  of  our  brilliant  countryman,  the  Eight  Hon. 
Mr.  Whiteside. 

QUESTIONS  FOR  EXAIHINATION. 

JUNIOR. 

1.  Describe  the  structure  of  the  trachea  ? 

2.  "What  muscles  produce  inspiration  ?  and  describe  the  action 
of  three  of  the  most  eiEcicnt. 

3.  What  terms  have  been  applied  to  the  quantities  of  air  which 
can  be  expelled  from  the  lungs  by  various  degrees  of  force  ? 

4.  State  the  components  of  ordinary  air,  and  the  purpose  of  its 
most  important  elements. 

5.  Describe  the  ways  in  which  various  modes  of  suffocation  pro- 
duce death. 

6.  What  animals  undergo  hybernation,  and  what  are  its  pheno- 
mena? 

7.  How  is  heat  generated,  and  how  regulated  in  the  human 
body,  especially  when  it  is  exposed  to  excessive  temperatures  ? 

SENIOR. 

1.  Describe  the  ultimate  terminations  of  a  broncliial  tube. 

2.  Explain  physiologically  sighing,  coughing,  and  sneezing. 

3.  What  changes  does  air  undergo  by  respu-ation,  and  offer 
proofs  to  show  where  its  constituents  suffer  chemical  action. 

4.  AiTange  in  parrallel  columns  the  circumstances  which  in- 
crease or  decrease  the  evolution  of  carbonic  acid  by  the  lungs. 

5.  Give  some  examples  of  variations  of  external  temperatiu-e, 
and  the  effects  of  disease  on  the  temperature  of  the  human  body. 

6.  What  are  the  other  decarbonizing  surfaces  besides  the  lungs ' 

7.  What  effects  have  light  been  supposed  to  produce  on  ani- 
mals, and  how  have  the  results  been  shown  to  be  fallacious 


177 


SECRETION. 

Secketton  is  that  process  by  which  matters  are  sepa- 
rated from  the  blood,  and  such  products  are  either  ex- 
crementitious  or  useless,  recrementitious  or  useful  The 
former  are  often  termed  excretions.  Like  the  analogous 
act  of  nutrition,  the  appropriation  of  the  special  material 
is  effected  by  cells  lining  the  interior  of  each  special 
gland,  which  drains  its  peculiar  secretion  from  the  blood, 
and  their  very  great  variety  illustrates  the  very  complex 
nature  of  that  fluid.  Some  fluids  which  merely  ooze 
through  the  coats  of  the  capillaries,  are  termed  exuda- 
tions or  exhalations,  but  there  are  no  special  "  exhalents" 
as  once  believed.  The  retention  of  the  materials  of  the 
excretions  is  injurious,  or  will  even  destroy  life,  as  when 
the  kidney  is  removed  from  animals.  The  chief  excre- 
tions are  water  and  carbonic  acid  from  the  lungs  and 
skin,  urea  and  other  nitrogenized  substances  from  the 
kidney,  lactic  acid  and  various  salts  from  the  skin  and 
kidney,  and  many  matters  discharged  from  the  liver  and 
other  alimentary  glands  with  the  faeces.  The  excre- 
tions thus  aflbrd  examples  of  the  gaseous,  liquid,  and 
solid  states. 

The  most  remarkable  recrementitious  products  are, 
saliva,  gastric  and  pancreatic  juices,  some  elements  of 
bile,  the  cutaneous  secretions,  and  those  connected  with 
reproduction,  as  semen,  milk,  &c.  One  fluid  may  con- 
tain both  recrementitious  andexcrementitious  materials — 
for  instance,  the  bile ;  or  as  regards  its  composition  may 
be  excrementitious,  yet  in  being  discharged  may  fulfil  a 
useful  purpose — as  sweat,  which  cools  the  body  by  its 
evaporation. 

One  gland  by  increased  activity  may  compensate  for 
the  secretion  of  another  being  checked— and  this  is 
termed  "vicarious  secretion."  It  shows  that  special 
cells  are  not  required  to  separate  each  material,  for  we 
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find  urea,  cholesterin,  and  other  matters  whicli  exist 
preformed  in  the  blood,  in  many  various  secretions. 
There  are,  however,  other  substances  which  can  be  only 
generated  in  each  special  gland  out  of  elements  afforded 
by  the  blood.  Many  substances,  as  ferroeyanide  of  potas- 
sium, lactate  of  iron,  sugar,  &c.,  show  a  preference  for 
some  glands,  either  not  passing,  or  passing  very  slowly, 
through  others ;  and  much  the  same  might  be  said  of 
various  kinds  of  membrane  in  regard  to  dialysis  through 
them.  Uniformity  of  structure  and  development,  as  in- 
flections from  the  skin  or  mucous  membrane,  indicate 
probably  similarity  of  function,  and  suggest  that  vicari- 
ous secretion  may  take  place.  The  best  example  of 
this  occurrence  is  afforded  by  Dr.  Laycock's  cases,  amount- 
ing to  124,  where  urine  was  discharged  from 

Navel,         Stomach.        Bowels.  Skin. 

in       34  33  20  17 

Salivary  glands.  Mammm.       Eyes.         Ears.  Nose. 

5  4  4  4  3 

What  are  termed  conglobate  glands  are  merely  con- 
voluted tubes  communicating  with  each  other.  Such 
are  the  lymph  and  ductless  glands ;  and  as  they  have 
no  excretory  duct,  they  must  pour  their  products  into 
the  circulating  current.  Conglomerate  glands  are  inflec- 
tions from  the  skin  or  mucous  surface,  much  branched 
and  lined  by  the  globular  form  of  epithelium,  which 
selects  the  materials  of  the  secretion  proper  to  each 
gland.  These  cells  develop  from  the  granular  state, 
and  when  filled  with  the  secretion  bui'st  into  the  ex- 
cretory duct.  The  parotid,  the  structure  of  which  is  re- 
presented at  p.  71,  is  a  good  example  of  the  conglome- 
rate gland.  Many  physiologists  attach  importance  to 
the  size  of  the  capillaries  of  each  gland,  as  they  think 
the  straining  ofi"  of  each  special  matter  can  be  thus  ac- 
counted for.  The  duct  is  often  muscular,  may  be  dis- 
tended into  a  temporary  reservoir,  and  is  usually  single  ; 
those  of  breast,  lacrymal,  tonsil,  sublingual,  and  pros- 
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tate,  are  multiple.  Exhalations,  which  mainly  occur 
from  serous  surfaces,  will  be  hereafter  considered ;  but 
it  may  be  here  stated  that,  according  to  Schmidt,  their 
composition  varies  with  the  size  of  the  capillaries  and 
quantity  of  albumen  in  the  blood.  The  quantity  of  al- 
bumen in  some  of  these  fluids  is  as  follows :  pleural, 
2-85;  peritoneal,  1-13;  arachnoid,  0-6  ;  areolar  tissue, 
0*3,  in  the  hundred  parts. 

The  nervous  system  powerfully  influences  secretion. 
Both  motor  and  sympathetic  filaments  can  be  traced  into 
glands.  The  motor  seems  to  increase  the  flow  of  blood, 
and  thus  renders  the  secretion  more  abundant;  the 
sympathetic,  by  constringing  the  vessels,  diminishes  the 
secretion  remarkably.  The  secretion  of  urine  in  an 
hysterical  paroxysm,  the  flow  of  bile  and  subsequent 
diarrhoea  by  terror,  the  gush  of  tears  which  grief  excites, 
and  the  production  of  milk  by  a  mother  while  in  a  fit  of 
anger,  so  hm-tful  as  to  poison  her  ofispring,  are  instances 
of  the  influence  of  innervation  on  the  function  of  secre- 
tion. It  has  been  found  that  division  of  the  nerves  of 
the  kidney  which  surround  the  renal  artery,  produces 
either  suppression  of  urine  or  the  secretion  of  a  bloody 
coagulable  fluid.  We  have  before  mentioned  that 
Bernard  discovered  that  the  blood  in  the  veins  coming 
from  a  gland  was  scarlet,  if  the  gland  was  secreting; 
modena,  from  being  charged  with  carbonaceous  matter, 
if  inactive ;  and  precisely  the  contrary  is  the  case  with 
muscles. 

Many  secretions  have  been  already,  or  will  be  sub- 
sequently described,  in  treating  of  the  function  which 
they  subserve ;  but  in  the  present  chapter  we  will  con- 
sider milk,  as  being  entirely  recrementitious ;  bile,  which 
is  partly  so ;  and  urine,  which  is  wholly  excrementitious. 

THE  MAMMARY  GLAND 

Consists  of  tubes,  which  can  be  traced  from  the  nipple, 
where  they  open  by  about  20  orifices.    At  about  the 
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areola  they  dilate  into  "  ampullae,"  which  in  woman  hold 
about  a  drachm ;  in  cows,  constituting  the  udder,  about 
a  quart.  The  lactiferous  ducts  then  branch  into  lobules 
bound  together  by  areolar  tissue,  and  end  in  coeca,  or 
follicles  about  in  diameter.  These  are  lined  by  epi- 
thelium, and  are  filled  with  oil-cells  during  lactation. 
Amidst  the  follicles,  blood-vessels,  lymphatics,  and  nerves 
plentifully  ramify.  The  gland  is  developed,  like  the  seba- 
ceous glands,  as  an  infolding  of  the  skin,  and  it  begins  to 
branch  into  lobules  about  the  sixth  month  of  intra- uterine 
life.  The  male  breast  remains  in  a  rudimentary  condition 
usually,  but  Humboldt  and  others  have  recorded  instances 
in  which  milk  was  secreted  by  men.  Dr.  Davys,  of 
Swords,  has  met  with  a  case  (which  he  has  kindly  shown 
me)  where  the  left  gland  was  as  large  in  a  healthy  man 
87  years  of  age  as  it  usually  is  in  women  not  suckling. 
The  organ  appeared  so  perfectly  formed  that  it  might 
have  secreted  milk  if  excited  by  the  application  of  a 
child.  The  breasts  of  infants,  male  as  often  as  female, 
occasionally  secrete  a  fluid  identical  with  milk.  Ab- 
normalities may  occur  with  regard  to  the  number  of 
breasts,  as  in  Dr.  Shannon's  remarkable  case,  where 
there  were  four,  all  secreting  milk ;  but  entire  absence  of 
the  mammae  is  extremely  rare.  The  nipple  is  surrounded 
by  the  areola,  which  undergoes  definite  changes  during 
pregnancy,  and  possesses  muscular  tissue,  like  the  ducts, 
which  can  alter  its  direction.  In  early  life  it  is  conical, 
but  after  suckling  the  extremity  becomes  much  enlarged, 
so  that  the  infant  may  grasp  it  more  readily.  The 
changes  produced  by  age  are  described  by  Sir  A.  Cooper : 
"  At  16  years,  it  is  slightly  wrinkled ;  at  17,  it  has  small 
papillae  on  its  surface ;  from  20  to  40  years,  the  papillas 
are  larger ;  from  40  to  50,  the  nipple  becomes  wrinkled ; 
from  50  to  60,  the  nipple  is  elongated ;  and  in  old  age 
it  usually  has  a  warty  appearance. 

The  Milk,  secreted  after  parturition,  is  called  colos- 
trum, and  in  it  can  be  seen  very  large  fat-cells,  dis- 
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covered  by  Donne.  It  has  usually  a  purgative  effect  on 
the  infant.  After  two  or  three  days,  milk  assumes  its 
familiar  characters  of  whiteness  ^  i^^" 
and  opacity,  due  to  minutely  o  »  ©  @  ^  ' 
divided  fat-cells,  sweetish  taste,  ^  Q)  oo  0° 
and  peculiar  odour,  stronger  while  °o  o^o 
warm.  Its  specific  gravity  ave-  Q  o  o  ° 
rages  1-032.  It  has  an  alkaline  chbuies  of  Colostrum  and 
re-action,  save  in  the  carnivora. 
When  left  still  for  about  six  hours,  the  fat-cells  rise  to 
the  surface  in  the  form  of  cream.  Each  cell  has  a  wall 
of  casein,  so  that  ether  will  not  dissolve  out  the  fat ;  but, 
by  dissolving  this  cell-wall  by  an  alkali,  or  bursting  it 
by  churning,  the  fat  can  be  separated  as  butter.  The 
casein  can  be  removed  from  the  remaining  fluid  by  acids 
or  rennet,  but  not  by  mere  heat.  The  following  ana- 
lyses indicate  the  composition  of  milk  from  two  women 
22  years  of  age,  and  similarly  circumstanced  as  regards 
time  of  delivery,  diet,  &c.,  only  differing  in  complexion  : 

BLONDE.  BRUNETTE. 

Water   892-00  853-80 

Butter   85-50  64-80 

Casein   10-00  16-00 

Sugar   58-50  71-20 

Salts   4-00  4-60 

The  proportion  of  these  constituents  vary  very  much 
throughout  lactation,  according  as  the  respiratory,  plas- 
tic, or  saline  ingredients  are  required  for  infant  growth. 
It  would  appear  that  there  is  no  casein  whatever  in 
colostrum,  but  instead  of  it  albumen,  for  it  is  coagulated 
by  boiling.  In  about  36  hours,  or  much  less  when  the 
weather  is  warm  or  the  air  charged  with  electricity, 
casein  acts  as  a  catalytic,  and  changes  sugar  into  lactic 
acid  (C24  H24  O24  =  4  (HO,  Cs  H5  O5) ),  which  then 
curdles  the  milk.  The  butyrin  also  throws  off  butyric 
acid,  which  produces  the  rancid  smell.    A  pure,  watery 
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solution  of  milk  sugar  will  never  turn  sour,  and  as  it 
does  not  undergo  alcoholic  fermentation  at  the  tempera- 
ture of  the  body,  no  carbonic  acid,  which  would  distend 
the  infant's  bowels,  is  produced.  Kiestin,  which  is 
found  in  the  urine  of  pregnant  women,  or  when  lac- 
tation is  checked,  is  composed  of  casein,  butyric  acid, 
and  the  phosphates. 

The  mammary  gland,  by  a  kind  of  straining,  passes 
through  some  salts,  refuses  others.  Thus,  iodide  of 
potassium  if  administered  can  be  found  in  the  mother's 
milk  and  infant's  urine,  which  is  not  the  case  with  fer- 
rocyanide  of  potassium.  Gold  has  been  stained  with 
mercury  if  placed  in  milk  from  a  woman  taking  that 
drug.  Quinine  is  one  of  the  few  vegetable  substances 
which  pass  into  milk ;  yellow,  blue,  and  red  tints  are 
occasionally  given  to  it  by  peculiar  fungi.  Like  other 
secretions,  milk  becomes  very  concentrated  during  acute 
inflammations.  In  phthisis,  the  water  is  said  to  be  in- 
creased, and  the  butter  decreased  to  one- third.  Blood, 
pus,  and  colostrum  cells,  long  after  parturition,  may 
occur  abnormally.  The  diurnal  quantity  of  milk  se- 
creted by  a  suckling  woman  varies  much,  but  averages 
about  40ozs.  The  milk  of  cows  and  other  animals 
differs  so  widely  from  human  milk,  and  even  that  of 
other  women  so  much  from  that  of  the  mother,  and  arti- 
ficial aliments  afford  so  poor  a  substitute,  that  we  cannot 
avoid  deploring  how  often  previous  disease  of  the  mother 
or  the  follies  of  fashionable  life  deprive  the  infant  of  the 
food  designed  by  nature  for  it.  Such  circumstances  are 
prolific  causes  of  that  widespread  evil — infant  mortaUty- 
Ihe  best  substitute  for  human  milk  is  recommended  to 
be  made  as  follows  :  Cow's  milk,  Bozs. ;  cream,  2  ozs. ; 
water,  6  ozs. ;  sugar  of  milk,  ^  oz.  (For  some  remarks 
on  this  subject,  see  my  **  Lectures  on  Public  Health."} 
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THE  LIVER. 

The  liver  is  remarkable  for  its  size,  being  the  largest 
gland  in  the  body,  for  occurring  almost  universally  in 
lower  animals,  for  intricacy  of  structure,  and  for  the 
variety  of  functions  it  performs.  It  weighs  about  41t>,  or 
about  jV  of  the  weight  of  the  body,  its  proportion  being 
very  much  greater  in  foetal  life,  when  also  the  left  lobe  is 
larger  than  the  right.  These  differences  can  be  ac- 
counted for  by  the  circulation  through  the  umbilical 
vein,  here  sketched,  the  course  of  which  is  as  follows  : 


Diagram  to  represent  the  Circulation  in  Fcetal  Liver. 

conducted  by  the  falciform  ligament  to  the  under  surface 
of  the  liver,  it  sends  off  many  branches  to  the  left  lobe, 
and  none  to  the  right,  which  is  altogether  supplied  by 
the  porta,  the  left  branch  of  which  joins  the  umbilical 
vein.  The  latter  vessel  then  runs  back  to  the  cava  under 
the  name  of  ductus  venosus,  a  tube  which,  like  the  um- 
bilical trunk,  closes  after  birth,  whereas  the  left  branches 
remain  pervious,  and  carry  the  blood  of  the  porta.  The 
liver  is  very  vascular,  the  blood  for  its  nutrition  being 
supplied  by  the  hepatic  artery.  Around  this  vessel  there 
entwine  several  branches  from  the  solar  plexus,  and  the 
right  phrenic  nerve  also  sends  branches  to  the  organ — 
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and  the  fact  may  account  for  the  way  in  which  the  vi- 
carious action  of  the  liver  and  lung  is  stimulated. 

Analyses  of  the  gland  tissue  prove  it  to  contain  albu- 
men, fat,  and  alkaline  salts  very  freely,  and  about  68 
per  cent,  of  water.  More  recent  analyses  have  shown 
that  sugar  is  abundantly  present.  The  coats  of  the 
liver  are  two,  a  serous  and  a  fibrous,  the  capsule  of 
Glisson,  which  its  discoverer  thought  was  muscular, 
Kiernan,  whose  famous  investigations  we  have  now  to 
detail,  regarded  this  capsule  "to  the  liver  what  the  pia- 
mater  is  to  the  brain ;"  and  as  it  forms  sheaths  for  the 
vessels,  fills  the  spaces  between  the  lobules,  and  forms 
part  of  the  lobular  tissue,  he  divided  it  into  vaginal,  in- 
terlobular, and  lobular  portions.  The  branches  of  the 
hepatic  artery  and  porta,  which  enter  the  liver,  and  those 
of  the  duct,  which  leave  it,  can  be  similarly  named.  As 
to  whether  the  capsule  invests  the  lobules,  all  physiolo- 
gists are  not  agreed,  Kiernan  and  Midler  contending  that 
they  are — a  view  very  probably  correct,  as  such  a  cover- 
ing can  be  demonstrated  in  the  pig  and  polar  bear.  Bow- 
man, Beale,  and  others  cannot  find  this  capsule  in  man, 
so  that  the  lobules  are  not  distinctly  isolated.  As  the 
larger  branches  of  the  porta  run  through  the  "  portal 
canals,"  they  are  accompanied  by  branches  of  the  artery, 
but  \  their  size,  and  of  the  duct,  and  are  surrounded  by 
loose  areolar  tissue,  which  allows  them  to  collapse  when 
cut  across ;  not  so  the  larger  hepatic  veins  as  they  run 
towards  the  posterior  thick  edge  of  the  gland,  for  no 
other  vessels  run  with  them,  and  if  cut,  they  gape  open, 
being  fixed  to  the  lobules  around  them.  The  hepatic 
veins  may  be  said  to  begin  by  a  vessel  running  through 
the  centre  of  each  lobule,  "the  intra-lobular."  This 
ends  in  a  vein  along  the  base  of  each,  "the  sub-lobular," 
and  these  join  the  branches  of  the  hepatic  vein.  The 
ultimate  branches  of  the  artery  do  not  end  in  these  he- 
patic veins,  but  in  the  lobular  branches  of  the  porta ; 
and  thus,  besides  supplying  the  nutrition  of  the  gland, 
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they  yield  bile  after  they  have  fulfilled  their  primary 
function.  To  the  sides  of  the  hepatic  ducts  are  ap- 
pended several  small  coecal  tubes,  with  very  narrow 
openings  into  them.  These  are  the  vasa  aberrantia, 
discovered  by  Weber,  and  they  probably  secrete  mucus, 
or  may  act  as  "  little  gall-bladders." 

Before  we  leave  the  subject  of  the  vascular  supply,  it 
may  be  mentioned  that  Kiei-nan  has  shown  there  is  no 
separate  red  and  yellow  tissue  as  once  supposed,  but 
that  such  appearances  are  due  to  congestion  of  different 
vessels.  Thus,  when  he  tied  the  cava — or,  if  the  return 
of  blood  through  it  was  obstructed  by  cardiac  or  pul- 
monary disease,  the  intralobular  vein  filled  with  blood — 
and  the  surrounding  tissue  being  more  empty,  gave  the 


Diagram,  altered  from  Kiernan,  shoiving  a  Portal  Canal  containing  a  vaginal 
branch  of  the  vena  pnrlcB,  which  gines  off  interlobular  branches  ;  also  n 
branch  of  the  duct  and  artery  which  lie  to  the  right  side.  Just  after  the 
bifurcation  of  the  vein,  its  branches  are  removed  to  show  the  canal  which 
contains  areolar  tissue.  Several  lobules  are  seen—those  above  being  nor- 
mac,  those  to  the  right  congested  in  their  caual  branches,  and  those  to  the 
l^t  in  the  rare  condition  of  portal  congestion. 
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appearance  of  a  red  centre  on  a  yellow  ground,  whereas 
in  portal  congestion  (a  much  rarer  condition — only  found 
in  children),  the  centre  was  pale  and  the  portal  plexus 
engorged,  presenting  a  yellow  centre  and  red  ground. 
The  lobules  (acini  of  Malpighi)  are  of  a  conical  shape, 
with  the  base  towards  the  surface  of  the  liver  or  the 
portal  and  hepatic  venous  canals  ;  the  intralobular  vein, 
running  up  like  a  midrib  and  branching  laterally,  gives 
them  a  foliate  appearance.  By  transverse  section  they 
seem  polyhedral,  as  if  by  mutual  pressure. 

Concerning  the  intimate  structure  of  the  lobules  there 
is  some  obscurity,  Kiernan  stating  them  to  consist  of  a 
capsule  and  plexuses  of  the  vena  portae,  artery,  hepatic 
vein,  and  duct;  and  he  appeals  to  the  unravelled  lobules 
in  the  left  lateral  ligament  to  support  this  view.  There 
may  also  probably  enter  nerves  and  absorbents,  which 
latter  are  remarkably  abundant  on  the  surface  of  the 
gland.  Another  disputed  point  is  whether  the  secreting 
cells  are  placed  among  the  capillaries,  as  believed  by 
Handfield  Jones,  or  are  surrounded  by  a  basement  mem- 
brane continuous  with  the  hepatic  ducts,  in  the  same 
way  as  all  other  glands — a  view  supported  by  Beale  and 
most  modern  microscopists.    The  hepatic  cells  are  of  a 

somewhat  rounded  form,  are  well 
defined,  and  contain  a  nucleus  and 
granules.  They  may  be  normally 
filled  with  bright,  yellow  pigment, 
or,  in  fatty  liver,  with  numerous  oil 
The  Hepatic  Cells.  globulcs.  Their  diameter  averages 
These  cells  are  the  active  agents  in  secreting 
bile,  which  they  select  from  the  lobular  plexus  of  the 
vena  portee,  in  which  have  previously  terminated  the 
lobular  branches  of  the  artery  after  they  have  ministered 
to  nutrition.  That  the  porta  afibrds  the  greater  part  of 
the  bile,  was  shown  by  Simon,  who  tied  it,  and  there 
was  no  bile  secreted ;  whereas  ligature  of  the  artery  pro- 
duced no  such  effect — but  it  led  to  fatty  degeneration  of 
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the  whole  organ  in  some  recent  experiments.  The  four 
cases  recorded  by  Lieutaiid,  Huber,  Ahernethy,  and  Law- 
rence, where  the  vena  portse  terminated  in  the  cava,  have 
been  often  urged  as  disproving  that  this  vessel  affords 
the  bile  ;  in  Abernethy's  case,  however,  the  umbilical  vein 
remained  pervious,  and  branched  out  like  the  porta  ; 
and  in  the  other  instances  there,  very  probably,  was 
another  vessel,  more  truly  the  porta,  beginning  in  a  cul 
de  sac,  and  not  receiving  its  ordinary  tributaries.  From 
this  blood  bile  is  separated,  despite  the  fact  that  che- 
mists cannot  detect  in  it  all  its  elements,  as  Glisson 
long  ago  expressed  it,  "peculiari  colatorio," 

The  Bile  is  a  most  abundant  secretion,  about  54ozs., 
including  2^  of  soHds,  being  daily  poured  out,  according 
to  Bidder  and  Schmidt;  and  Dr.  Budd  quotes  cases 
where,  by  tapping  distended  gall-bladders,  a  quantity 
corresponding  to  over  a  pint  daily  was  removed  from 
the  human  subject.  More  is  secreted  on  a  flesh  diet, 
and  the  greatest  quantity  about  15  hours  after  a  meal, 
As  obtained  from  the  gall-bladder,  where  it  may  have 
undergone  some  changes,  it  has  a  specific  gravity  of 
about  1*028,  and  is  alkaline,  or  according  to  Boisson, 
usually  neutral.  It  is  greenish  yellow,  to  a  depth  differing 
much  if  spread  out,  or  in  large  quantity,  and  has  a  bitter 
taste,  followed  by  a  sweetish  after-taste.  Its  odour  is 
faint,  and  somewhat  like  musk.  It  is  viscid,  froths  if 
shaken,  and  feels  like  soap  between  the  fingers.  Scourers 
use  it  as  a  detergent.  It  tardily  decomposes,  especially 
if  strained  of  mucus,  and  is  supposed  to  have  antiseptic 
power  on  the  faeces,  which  are  very  fetid  in  jaundice,  no 
bile  acting  on  them.  Berzelius'  often-quoted  analysis 
found  ox- gall  to  contain — 

Water   904-4 

Bilin,  fat,  and  pigment    80-0 

Mucus   03-0 

,    Salts  (chloride  of  sodium,  phosphates,  &c.)  12-6 

1000-0 
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Free  soda,  the  alkali  present,  and  its  salts  are  found 
in  most  animals,  including  fresh- water  fishes ;  whereas, 
in  those  inhabiting  sea-water,  strange  to  say,  the  potash 
salts  are  substituted.  The  term  "  bilin"  groups  a  num- 
ber of  substances  of  very  difierent  properties — for  in- 
stance, the  two  peculiar  acids  which  Strecker  named 
cholic  and  choleic,  corresponding  respectively  to  the  gly- 
cocholic  and  tauro-cholic  acids  of  other  chemists.  The 
former  contains  nitrogen,  but  no  sulphur ;  the  latter 
contains  both,  and  they  are  fatty  acids  united  with  soda 
sa  a  soap.  As  they  cannot  be  found  in  the  blood  even 
after  expiration  of  liver,  they  are  supposed  to  be  elabo- 
rated in  the  gland.  The  choleic  or  tauro-cholic  acid,  or 
its  soda  salt,  hold  the  cholesterin  dissolved.  This  fat 
has  been  described  at  page  44.  Taurin,  another  body 
found  in  ox-gall,  is  a  neutral  crystalline  substance, 
abounding  in  sulphur.  Its  formula  is  C4  H7  N  Oe  S2. 
Strecker  has  made  it  artificially  from  isethionate  of  am- 
monia. Biliphsein,  or  the  pigment,  is  as  yet  imperfectly 
known.  Its  tints  vary  much,  owing,  perhaps,  to  the 
degree  of  oxidation.  By  the  addition  of  an  alkali,  Ber- 
zelius  obtained  from  it  "  biliverdin,"  a  matter  identical 
with  chlorophyl,  the  colouring  matter  of  leaves.  I  be- 
lieve it  is  almost  identical  with  the  urine-pigment,  and 
both  are  but  altered  conditions  of  the  haematin.  Effused 
blood,  as  in  a  bruise,  shows  every  tint  which  either  bile 
or  urine  possesses,  and  all  three  contain  iron.  The 
green  stools  and  pale  skin,  which  result  from  the  action 
of  mercury,  are  due  to  the  blood-cells  being  destroyed 
in  the  over-stimulated  liver  ;  and  I  regard  the  suddenly 
fatal  efiect  which  Moriarty  termed  mercurial  erethism, 
to  be  due  to  such  a  sudden  impoverishment  of  the  blood. 
Carbonate  of  soda  has  an  efiect  contrary  to  that  of  mer- 
cury, for  it  checks  the  secretion,  and  was  thus  advised 
in  cases  of  gallstones  by  Prout,  who,  however,  erro- 
neously supposed  it  saponified  the  cholesterin. 

Bile  may  be  recognised  by  the  following  tests,  which 
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are  suitable  when  the  physician  searches  for  it  in  such 
fluids  as  urine,  milk,  sweat.  Simon's :  Add  nitric  acid 
to  the  fluid  on  a  white  plate  or  sheet  of  writing  paper, 
and  green,  pink,  and  other  tints  play  round  wherever 
the  acid  falls.  Pettenkofer's :  To  some  of  the  fluid,  in 
a  tube,  add  f  of  sulphuric  acid  and  a  solution  of  sugar  ; 
a  violet  red  colour  appears  if  bile  is  present.  As  sugar 
and  sulphuric  acid  produce  a  somewhat  similar  colour, 
especially  if  albumen  or  oil  be  present,  the  test  is  falla- 
cious. It  acts  on  the  cholic  acid  and  not  on  the  pig- 
ment, as  the  same  reaction  occurs  with  decolorised  bile. 

The  fonctions  of  the  Liver  are  complex  and  not  per- 
fectly understood,  but  they  appear  to  be — 1.  To  rid  the 
blood  of  hurtful  matter,  and — 2.  To  elaborate  matters 
of  use  in  digestion  and  other  nutritive  acts.  1.  That  it 
is  more  excrementitious  than  digestive  is  suggested  by 
its  secretion  being  constant,  like  the  urine — not  occa- 
sional, like  the  gastric  juice  ;  it  is  separated  from  venoua 
blood  like  urine — not  from  arterial,  as  most  truly  nutri- 
tive fluids  are  ;  and  by  the  symptoms  of  poisoning  which 
its  sudden  retention  in  the  blood  produces,  being  analo- 
gous to  those  which  occur  when  the  lungs  or  kidneys  are 
interfered  with  (apnoea  and  uremia).  However,  in  many 
instances  the  retained  bile  causes  no  injurious  eflects  ; 
and  Budd  accounts  for  those  symptoms  of  poisoning  it 
produces  in  others,  by  supposing  that  it  becomes  decom- 
posed— just  as  urea  must  be  changed  before  any  signs  of 
uremic  poisoning  occur. 

Sulphur  and  colouring  matters  would  seem  to  be  the 
chief  excreta,  as  all  others  are  re-absorbed,  only  about  20 
grs.  daily  appearing  in  faeces,  though  so  great  a  quantity 
of  bile  is  secreted.  Boerliaave,  150  years  ago,  thus  ex- 
pressed this  fact :  "  Almost  the  whole  mass  of  the  fluid 
secreted  by  the  liver  is  again  secerned  or  drunk  up  by 
the  absorbing  veins  from  the  alimentary  and  fsecal  con- 
tents before  they  arrive  at  the  anus."  2.  That  it  is  not 
merely  excrementitious  is  suggested  by  its  duct  always 
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opening  high  in  the  alimentary  canal,  and  was  demon- 
strated by  Schwann's  experiment ;  he  excluded  the  bile 
from  the  intestines  by  tying  the  duct,  and  then  provided 
for  its  full  excretion  by  discharging  it  externally  through 
a  fistulous  opening.  Of  18  dogs  thus  treated  only  2 
lived,  and  in  them  the  duct  had  established  another  com- 
munication with  the  intestine.  The  others  died  in  2  or  3 
weeks — emaciation,  debility,  unsteadiness  of  gait,  and 
falling  off  of  hairs  having  occurred,  and  gradually  in- 
creased till  death.  It  should  not  be  concealed  that 
similar  experiments  have  obtained  somewhat  different 
results,  and  there  are  many  cases  where  men  have  sur- 
vived many  months,  though  no  bile  passed  through  the 
digestive  canals.  We  have  no  evidence  that  it  acts 
chemically  on  the  starch,  fat,  or  nitrogenized  portions 
of  our  food,  save  that  it  checks  decomposition  and  evo- 
lution of  gas,  which  occur  so  readily  in  jaundice.  Out 
of  the  body  it  has  been  found  to  arrest  alcohoUc  fer- 
mentation and  putrefaction  of  flesh. 

It  is  believed  to  be  purgative  by  exciting  the  secretion 
of  mucus,  which  will  be  found  much  more  abundant 
wherever  the  bile  has  passed.  Ox-gall  has  been  given 
as  a  cathartic.  Its  use  in  promoting  absorption  of  fat 
has  been  before  alluded  to.  Its  influences  on  the  blood 
may  be  next  mentioned,  and  they  are  so  important  as  to 
earn  for  the  gland  the  title  of  blood-refiner.  Weber,  by  ( 
examining  the  rudiments  of  liver  in  the  chick  and  in 
frogs,  concluded  that  in  it  "  a  material  is  separated  and 
accumulated  from  the  blood,  out  of  which  the  blood 
corpuscles  are  formed."  The  blood  of  the  hepatic  vein 
is  said  to  be  richer  in  white  cells  than  that  of  porta,  a 
fact  advanced  to  support  the  theory  just  stated  ;  but  it 
is,  on  the  contrary,  a  strong  argument  that  the  red-cells 
are  disintegrated,  and  their  hsematin  thrown  off  as  bile- 
pigment,  leaving  the  white  cells  proportionally  more 
numerous.  Lehmann  believes  the  blood  loses  much 
fibrin  by  passing  through  the  liver,  being  converted  into 
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glycin  and  taurin,  and  scarcely  appearing  in  hepatic 
venous  blood.  This  fact  supports  the  view  that  fibrin 
is  a  compound  beyond  albumen  in  the  downward  course 
(see  p.  115).  The  chemical  changes  which  occur  in  the 
liver  are  sources  of  animal  heat,  and  Bernard  found  the 
temperature  of  that  in  hepatic  vein  higher  than  that  of 
porta  or  aorta.  The  liver  and  lungs  have  been  regarded 
as  vicarious  in  performing  the  great  acts  of  respiration 
and  calorifaction ;  and  the  great  size  of  the  former  in 
fcetal  life  and  herbivora,  where  the  action  of  the  lungs 
is  either  not  developed  or  exerted  in  a  degree  far  below 
that  of  carnivora,  supports  the  doctrine,  which,  how- 
ever, the  great  size  of  the  gland  in  the  boa  and  other 
cold-blooded  animals  throws  doubt  on.  Two  heat-giving 
materials  are  generated  in  the  liver — namely,  fat,  which 
is  found  abundantly  in  the  hepatic  cells,  and  sugar. 

The  Glycogenic  Function  of  the  liver  was  discovered 
and  profoundly  investigated  in  1848  by  Claude  Bernard. 
He  found  sugar  in  the  liver  of  carnivora,  and  still  more 
in  herbivora,  from  the  starchy  and  saccharine  nature  of 
their  food ;  but  it  was  present  in  dogs  after  they  had 
been  fed  for  eight  months  on  calves'  heads  and  tripe, 
all  vegetable  food  being  excluded.  That  it  is  not  due  to 
digestive  action,  but  to  a  power  inherent  in  the  liver,  is 
shown  by  its  occurring  in  animals  kept  long  fasting,  and 
when  no  trace  can  be  found  in  the  blood  of  porta  or 
hepatic  artery.  The  fresh  liver  of  the  horse  contains 
about  4,  man  2,  and  reptiles  about  1  per  cent.  The 
hepatose,  or  liver  sugar,  obeys  every  test  which  produces 
re- actions  with  grape  sugar,  and  will  yield  alcohol  by  fer- 
mentation, when  injected  into  the  veins.  It  differs,  by 
so  readily  undergoing  decomposition  and  never  escaping 
with  the  urine.  The  capillaries— or,  according' to  Hand- 
field  Jones,  the  hepatic  cells— are  the  organs  which  ela- 
borate it ;  and  he  regards  these  cells  as  not  within  the 
iucts,  and  thus  unconnected  with  the  secretion  of  bile. 

Dr.  Pavy  regards  the  formation  of  sugar  as  an  occur- 
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rence  after  the  death  of  the  animal,  and  has  performed 
many  experiments  to  support  this  view.  The  matter 
which  is  convertible  into  sugar  he  calls  "  the  amyloid 
substance,"  and  assigns  it  the  formula  C12  H12  O12.  In 
two  instances — the  liver  of  a  cod  and  of  a  rabbit — he 
found  this  matter  not  changed  into  sugar  even  many 
hours  after  death ;  but  the  change  usually  occurs  most 
rapidly.  Briicke,  and  some  English  analysts,  have  de- 
monstrated that  urine  normally  contains  sugar ;  and  if  so 
much  sugar  were  formed  in  the  liver  as  Bernard  avers, 
it  would  be  excreted,  and  we  would  be  all  suffering  from 
diabetes  mellitus. 

Even  after  the  tissue  has  been  washed,  and  all  sugar 
dissolved  out  by  injecting  water,  still  it  will  generate 
sugar  if  left  aside  for  24  hours.  A  maximum  amount 
of  sugar  is  formed  about  4  or  5  hours  after  a  meal.  If 
starch  or  other  kinds  of  sugar  are  taken,  they  are  ab- 
sorbed by  the  vena  portae,  and  changed  in  the  liver  into 
hepatose.  From  the  liver  the  hepatose  is  carried  to  the 
lungs  through  the  right  side  of  heart,  where  it  can  be  ob- 
tained plentifully ;  it  disappears  almost  completely  in  the 
lungs,  for  the  blood  at  the  left  side  of  the  heart  scarcely 
contains  a  trace.  The  only  vessels  from  which  it  is  com- 
pletely absent  are  those  of  the  chylopoietic  viscera,  when 
none  had  been  recently  taken  with  food.  Harley  has  de- 
termined the  important  fact,  that  alcohol  and  other  sti- 
mulants injected  into  the  vena  portae,  will  excite  the  liver 
to  so  great  an  increase  of  its  glycogenic  function,  that 
sugar  will  be  excreted  by  the  kidneys.  Diabetes  has 
been  often  due  to  the  habitual  use  of  intoxicating  liquids. 
Bernard  states  that  the  changes  of  the  sugar  in  the  lung 
are  not  simple  oxidation  and  the  production  of  carbonic 
acid ;  and  Lehmann  suggests  that  it  ferments,  becomes 
lactic  acid,  which,  acting  on  the  carbonate  of  soda  in  the 
blood,  sets  free  carbonic  acid,  and  forms  lactate  of  soda. 
The  ferment  which  is  necessary  to  produce  these  changes 
is  fibrin,  and  it  has  been  found  that  defibrinated  blood 
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if  charged  with  sugar,  may  pass  through  the  pulmonary 
circulation  without  any  loss  of  sugar.  Another  neces- 
sary condition  of  the  blood  is  its  alkalinity.  Besides 
such  offices  in  connexion  with  aeration  of  the  blood, 
Bernard  regards  sugar  as  required  for  the  development 
of  the  blood-colls. 

Another  remarkable  discovery  of  Bernard's  was  the 
influence  of  the  nervous  system  on  the  glycogenic  func- 
tion. If  the  pneumogastrics  be  divided,  no  sugar  what- 
ever is  formed  in  the  liver.  The  contrary  occurs,  and 
sugar  is  formed  so  abundantly,  that  it  passes  off  by  the 
urine,  constituting  "  an  artificial  diabetes,"  when  the 
floor  of  the  4th  ventricle  is  irritated  or  injured.  Ber- 
nard justly  supposes  that  it  is  secreted  by  a  reflex  in- 
fluence, transmitted  from  the  lungs  to  the  medulla,  and 
thence  sent  down  the  spinal  cord,  section  of  which 
checks  its  formation ;  whereas  the  pneumogastrics  may 
be  divided  below  the  lungs  without  any  interference,  and 
if  they  are  divided  in  the  neck,  galvanizing  the  upper 
end  will  excite  the  formation  of  sugar.  The  effect  of  the 
want  of  due  aeration,  as  in  foetal  and  very  advanced  life, 
during  the  administration  of  chloroform,  aod  in  all  dis- 
eases affecting  the  respiratory  organs,  will  be  again  re- 
ferred to,  as  the  latter  circumstances  are  powerful  causes 
of  diabetes.  During  foetal  life  the  placenta  performs  a 
glycogenic  function.  Dr.  R.  McDonnell  has  commimi- 
cated  to  the  Eoyal  Irish  Academy  some  most  important 
observations,  which  go  to  prove  that  the  amyloid  sub- 
stance is  but  a  stage  between  the  ternary  and  quaternary 
compounds,  and  is  in  progress  of  assimilation.    He  has 

found  it  in  the  following  situations  besides  the  liver  

the  placenta,  many  parts  of  foetus,  muscles  and  lungs  of 
hybernating  animals,  and  in  paralysed  muscles.  I  have 
much  pleasure  in  referring  to  his  valuable  memoirs  in 
the  Natural  History  Revieiv  for  July,  1860,  and  that  in 
the  Dublin  Journal,  August,  1859,  for  an  admirable 
account  of  the  subject. 

18 
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A  few  words  as  to  the  means  we  possess  of  controlling 
the  action  of  the  liver  may  be  appropriate,  and  firstly  as 
regards  diet.  Rich  meats  require  much  bile  for  their 
assimilation,  and  become,  especially  in  warm  weather 
or  climate,  a  frequent  cause  of  bilious  vomiting  and 
diarrhoea,  while  stomachic  digestion  is  arrested  by  the 
presence  of  bile.  Exercise  promotes  respiration,  in- 
creases the  evolution  of  carbonic  acid,  and  rids  the  blood 
of  the  hydro-carbonaceous  matters  the  liver  generates ; 
the  want  of  it,  therefore,  must  act  most  seriously  on 
hepatic  function — sallow  skin,  sluggish  liver,  dulled 
brain,  and  torpid  bowels  being  some  of  the  results. 
Some  persons  seem  born  with  livers  in  which  the  secret- 
ing elements  are  deficient,  and  thus  possess  an  innate 
proclivity  to  hepatic  disease.  In  the  words  of  Budd, 
"  The  chief  conditions  to  diminish  the  quantity  of  matter 
which  the  liver  is  called  on  to  excrete,  are — a  light  diet, 
with  water  for  drink,  active  exercise,  early  rising,  and  a 
cool  or  temperate  climate."  Cholagogues,  or  medicines 
which  excite  the  flow  of  bile,  do  so  probably  by  passing 
through  the  gland ;  and  among  them  mercury  and  iodide 
of  potassium  have  been  discovered  in  the  bile  after  they 
were  introduced  into  the  circulation.  The  same  is  also, 
perhaps,  the  case  with  taraxacum,  podophyllin,  and  sal- 
ammoniac,  which  stimulate  the  liver  powerfully.  Spices 
and  some  purgatives  excite  the  flow  of  bile  by  irritating 
the  neighbouring  mucous  smface  of  stomach  and  duo- 
denum. 

THE  KIDNEY. 

The  most  complete  example  of  an  excretion  is  the 
urine,  as  it  is  cast  off"  without  fulfilling  any  useful  pm'- 
pose.  The  kidneys  separate  this  fluid  from  the  blood, 
which  contains  most  of  its  constituents  preformed.  These 
glands  are  about  4oz.  each  in  weight,  and  receive  the 
renal  artery  from  aorta,  and  send  the  emulgent  vein 
to  the  cava,  these  vessels  being  quite  out  of  propor- 
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tion,  to  the  nutritive  requirements  of  the  organs.  The 
nerves  are  abundant,  being  derived  from  the  lesser 


Tlie  Kidneys  and  their  vascular  relations. 
A.  Abdominal  Aorta  between  the  Pillars  of  the  Diaphragm.  B.  Cceliac 
Axis,  dividing  into  the  Gastric,  Hepatic,  arid  Splenic  Arteries.  C.  Supe- 
rior Mesenteric  Artery,  cut.  D,  D.  Renal  Arteries,  d,  d.  Spermatic 
Arte>ies.  1.  Xiphoid  Cartilage  or  Appendix.  2,  3,  4.  Diaphragm. 
5.  Opening  for  Inferior  Cava.  6.  CEsopliageal  Opening,  7.  Union  of 
the  Pillars.  S,  9.  Pillars  of  the  Diaphragm.  10,  10-  Supra- Benal  Cap- 
sules. 11,11.  The  Kidneys.  12,12.  Pelvis  of  tlie  Kidney.  17.  Rectum. 
18.  Urinary  Bladder. 

splanchnic  of  sympathetic,  and  their  twigs  can  be  traced 
as  far  as  the  inferent  vessels.    The  ureter  or  duct 


196 


THE  COATS  OF  THE  KIDNEY. 


emerges  from  the  hilus,  where  it  is  dilated  into  a  pelvis. 
Kidney  tissue  has  a  specific  gravity  of  about  1*050,  and 
consists  per  cent.,  according  to  Beales  analysis,  of  76 
of  water,  15  of  albumen,  and  other  nitrogenized  matter, 
and  1  of  fat,  chiefly  cholesterin.  There  has  been  found 
also  inosite,  cystin,  taurin,  and  xanthin. 

The  Coats  of  the  kidney  are — 1.  A  very  scanty  serous 
covering  in  front.    2.  A  fatty  envelope,  more  abundant 
behind,  and  which  Cruveilhier  thinks  keeps  up  the  tem- 
perature of  the  gland,  fat  being  so  bad  a  conductor  of 
heat.     3.  A  strong  fibrous  capsule,  which  is  easily 
peeled  off",  yet  is  continuous  with  the  areolar  paren- 
chyma of  the  organ,  which  Goodsir  terms  the  matrix. 
Beale  denies  any  such  matrix ;  and  Mr.  BicJiardson  thinks 
the  fibrous  appearance  due  to  the  crumpled  and  collapsed 
state  of  the  membranous  walls  of  the  tubes  and  capilla- 
ries.   A  small  quantity  of  transparent,  faintly  granular, 
nucleated  material  is  found  between  the  tubes  and  capil- 
laries.  The  adult  kidney  sometimes  shows  division  into 
lobules,  or  renculi  on  the  surface,  an  arrangement  which 
is  very  apparent  in  the  fcetus,  and  in  the  whale,  bear,  ox, 
and  other  mammals.  When  the  organ  is  divided  longitu- 
dinally, the  naked  eye  perceives  two  distinct  structmres — 
1.  The  cortical  portion,  rough,  granular,  and  vascular; 
having  here  and  there  small  red  dots  (Malpighian  tufts), 
and  2.  Medullary,  which  consist  of  about  15  pyramids, 
composed  of  straight  tubes  opening  on  the  papilla  or 
conical  points  formed  by  1,  2,  or  3  pyramids.  Each 
papilla  is  surrounded  by  a  mucous  cap  or  calyx,  opening 
into  the  cavity  of  the  kidney,  which  is  shaped  into  3  in- 
fundibula,  and  continuous,  by  the  pelvis,  with  the  ureter. 
The  cortical  matter  dips  between  the  pyramids,  forming 
what  are  called  the  columns  of  Berlin. 

Such  are  the  appearances  visible  to  the  naked  eye, 
which  are  roughly  figured  on  the  following  page ;  but 
the  microscope  shows  the  gland  to  be  made  up  of  very 
minute  ducts,  *'  the  tubuli  uriniferi."  These  are  straight 
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and  more  easily  seen  in  the  pyramids,  and  are  here 
termed  the  tubes  of  Bellini.  The  part 
towards  the  cortex  is  convoluted,  as 
noticed  by  Ferrein,  and  they  end  in  a 
flask-like,  dilated  extremity.  This  ex- 
tremity sends  a  capsule,  according  to 
Miiller,  doubly  folded,  like  the  perito- 
neum, round  each  Malpighian  tuft ; 
others  believe  that  the  capillaries  are 
here  naked.  The  epithelium  is  only 
continued  for  ^  up  the  capsule  in  man, 
but  all  through  it  in  the  proteus.  The 
cells  are  not  ciliated  in  mammals,  but 
are  so  in  reptiles,  as  readily  seen  in  the 
newt  and  in  the  fowl.  The  convoluted 
tube  is  about  leaves  the  flask- 

like dilatation,  but  diminishes  to  one- 
half  before  it  joins  the  straight  tube ; 
these  latter,  by  joining  others,  become 
less  numerous,  but  larger,  so  as  to  mea- 
sure aio  when  they  open  on  the  pa-  enlarged  mew  of  the 
p-jj^  Uriniferoiis  Tubes. 

The  Branches  of  the  Eenal  Artery  first  send  off 
ordinary  nutrient  branches,  then  run  between  the  pyra- 
mids till  they  arrive  at  the  cortical  substance,  when  they 
give  a  twig  to  each  capsule.    This  vessel  is  named  the 
"  vas  inferens,"  and  entering  the  capsule  it  breaks  up 
into  numerous  capillaries  rolled  into  a  circular  form, 
constituting  the  "  Malpighian  tuft."    The  disposition  of 
the  vessels  and  tubes  is  shown  in  the  figures  after  Bow- 
man on  the  two  following  pages.     A  vein,  or  "  vas 
efferens,"  emerges  near  the  point  where  the  artery  or 
vas  inferens  entered,  and,  passing  between  the  tubes, 
forms  an  intricate  plexus.    This  vein,  then,  as  it  begins 
and  ends  in  capillaries,  and,  as  we  shall  see  presently, 
secretes  the  essential  part  of  the  urine,  closely  resembles 
the  porta  in  the  liver,  and  for  these  reasons  was  appro- 
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priately  termed  "the  portal  system"  Bowman,  who 
says,  "  Each  one  of  these  efferent  vessels  is  truly  a  por- 
tal vein  in  miniature."    The  analogy  is  still  stronger  in 


The  Vessels  of  the  Malpighian  Tufts,  after  Bowman. 
A.  Artery,    a.  Pait  of  the  tuft  exposed,    d.  The  tuft  fully  injected, 
ef.  Efferent  vessel,    t.  Uriniferous  tubes. 

the  boa,  some  other  reptiles,  and  a  few  birds,  as  the 
vessel  which  supplies  the  kidney  is  a  branch  of  the  porta. 

Mr.  Richardson,  Examiner  in  anatomy  and  physiologj' 
in  the  Royal  College  of  Surgeons  in  Ireland,  has  sue- 
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ceeded  in  making  some  most  admirable  injections,  and 
has  very  kindly  drawn  the  following  figures  with  the  aid 
of  the  neutral  tint-glass  reflector.  He  uses  the  follow- 
ing injecting  fluid  : 

Purified  sulphate  of  iron   10  grains. 

Ferridcyanide  of  potassium   32  ,, 

Wood  naphtha   1|  drachms. 

Glycerin  (Prices)   1  ounce. 

Spirits  of  wine   1 


Water   4 


The  precipitate  obtained  by  mixing  the  solutions  of  the 
two  salts  should  be  well  washed   .  ^ 
before  adding  the  other  fluid 
ingredients.     Sections  of  the  ^^^^^^^^^^ 
tissue  injected  with  this  fluid  '  -^^^^^ 

should  then  be  placed  in  a  ves-  —-^^ 
sel  of  cold  water,  which  is  to  "^^W^MP*^ 
be  changed  until  it  ceases  to  Js^^MSF 
be  milky.    They,  are  then  to  ^<^^|^ 
be  placed  for  some  days,  or 
until  they  become  transparent, 
in   the   following  preserving  UPlf 
fluid  : 

Saturated  solution  of  tar- 
taric acid   1  drachm. 

Glycerin   1  ounce. 

The  preparations  may  then  be  ^^^^ 
mounted  in  cells,  and  they  are  „  „  ,  .  , .  ^  .  .  ,  ^ 
truly  remarkable  for  clearness  J^J^Str^/'^.'^f^Xtl-. 
of  outline  and  brilliancy  of  Vriniferoustube. 
colour.  The  first  figure  on  the  following  page,  which  is 
trom  one  of  Mr.  Eichardson' s  preparations,  shows  some 
yasa  recta  formed  by  the  efi-erent  vessels.  One  of  them 
IS  seen  to  cross  the  artery,  and,  as  he  remai'ks,  might 
be  readily  supposed  to  arise  from  it.  Virchow  believes 
tnat  all  the  vasa  recta  are  derived  from  the  artery 
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directly,  as  represented  in  the  second  figure  (copied 
from  that  in  Virchow's  "Archiv  fur  Pathologische  Ana- 


Venous  Vasa  Recta.  Arterial  Vasa  Recta. 

tomie  und  Physiologie  und  fiir  lOinische  Medecin"), 
and  that  their  purpose  is  to  obviate  venous  congestion, 
for  if  the  Malpighian  circulation  be  obstructed  blood 
can  escape  through  these  vessels.  This  object  might 
be  partly  accomplished  by  the  blood  escaping  into 
the  nutrient  arteries  on  the  surface  of  the  organ,  and 
congestion  is  much  more  frequent  in  the  portal  system 
when,  from  obstruction  of  the  tubes,  the  blood  cannot 
rid  itself  of  the  elements  of  the  urine,  and  this  condition 
might  be  readily  relieved  through  those  of  the  efferent 
veins,  which  become  vasa  recta.  The  peculiar  straight 
course  of  these  vessels  is  destined  to  accommodate  them 
to  the  arrangement  of  the  tubes  in  the  pyramids.  The 
accompanying  plan  of  the  renal  circulation  on  the  follow- 
ing page,  will  render  my  description  more  intelligible. 
In  so  far  as  that  a  single  section  will  rarely  show  all  the 
appearances  depicted,  it  is  diagrammatic ;  but  each  por- 
tion of  it  is  faithfully  delineated  from  Mr.  Richardson's 
admirable  preparations.    The  artery  is  observed  fii-st  to 
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take  a  horizontal  direction  along  the  line  of  junction  of 
the  cortical  and  medullary 
structures,  giving  off  in- 
ferent  vessels,  a  vas  rec- 
tum, and,  just  as  it  bends 
upwards,  a  branch  which 
bifurcates  into  an  inferent 
vessel  and  a  vas  rectum. 
The  efferent  vessels  are 
represented,  becoming 
straight  (venous  vasa  rec- 
ta) in  this  portion  of  the 
kidney,  and  one  is  divided 
in  the  section,  just  as  it 
crosses  the  arterial  trunk ; 
and  the  fallacy  of  suppos- 
ing it  to  spring  from  it 
might  occur  to  any  but  an 
experienced  observer.  The 
artery  then  runs  up  to- 
wards the  cortex,  giving 
off  an  inferent  vessel  to 
each  tuft,   from  which 
emerge  the  efferent  veins, 
which  then  form  the  "por- 
tal   system."       Some    of  The  Renal  Circulation. 

them  form  a  plexus,  coating  the  surface  of  the  kidney, 
while  others  break  into  an  intricate  plexus  round  a 
uriniferous  tube,  which  is  seen  to  the  right  of  the  figure. 
Mr.  liichardson  demonstrated  before  the  Surgical  Society 
the  occasional  duality  of  the  efferent  vessels. 

Bernard  assigned  a  peculiarity  to  the  renal  circulation, 
asserting  that  the  blood  in  the  porta,  after  ingestion  of 
food,  flowed  partly  into  the  cava — hence,  was  pumped 
into  the  renal  veins,  and  was  purified  in  the  kidney 
before  mixing  in  the  general  circulation.  The  urine 
which  is  then  secreted  is  that  termed  urina  cibi.  This 
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hepatico -renal  circulation  has  been  disproved  by  many 

ingenious  experiments  of  Dr.  R. 
McDonnell  of  the  Carmichael 
school,  who  has  found  a  special 
valve  at  the  mouth  of  the  renal 
vein,  where  it  joins  the  cava  for 
the  purpose  apparently  of  pre- 
venting renal  congestion. 

The  Malpighian  Tufts  are 
about  a  in  diameter,  and 
being  sometimes  very  red,  can 
be  seen  by  the  naked  eye  in  the 
cortex.  When  a  number  of  them 
are  seen  attached  to  their  in- 
ferent  vessels,  they  resemble  a 
bunch  of  cm-rants.  So  extensive 
is  the  secreting  surface  of  the 
kidneys,  that  it  is  said  to  be  six 
times  greater  than  the  whole  skin. 
The  water  of  the  urine  is  separa- 
Tuft  with  Two  Efferent  Veins,  ted  from  the  blood  of  the  Malpi- 
ghian tuft  by  simple  oozing  through  the  membrane  which 
divides  it  from  the  cavity  of  the  tube.    No  epithelium  is 

necessary  in  this  place,  save  in  rep- 
tiles, where  the  urine  is  solid,  and 
is  separated  all  through  the  tube 
by  gland  cells.  The  nuclei  in 
the  capillaries  of  the  Malpighian 
tufts  have  been  mistaken  by  some 
observers  for  epithelium  within 
i  I  the  tubes.    Mr.  Bowman  (from 

'  whose  masterly  account  nearly  all 

our  knowledge  of  the  subject  is 
derived)  remarks  that  no  other 
arrangement  for  the  separation  of 
water  could  be  so  effective,  for  the 
'ZylVXil'r  blood  flowing  from  several  capilla- 
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ries  into  a  vein  of  far  less  calibre  than  theirs  united, 
must  have  its  velocity  much  decreased,  a  circumstance 
most  favourable  to  the  exudation  of  water.  The  water 
has  then  but  to  pass  through  the  walls  of  the  capillaries 
and  the  end  of  the  tube,  and  rushing  down,  must  serve 
to  force  before  it  the  solid  matters  secreted  further  on. 
Unlike  abnormal  exudations  from  the  blood,  there  is  no 
albumen  passed  through,  save  in  Bright's  disease,  and 
some  other  affections  hereafter  alluded  to.  The  urea, 
salts,  &c.,  are  secreted  from  the  blood  of  the  portal  plexus 
surrounding  the  tube  by  the  glandular  epithelium  within 
it.  These  gland-cells  are  supposed  to  be  permanent, 
not  bursting  like  others  when  filled  with  the  secreted 
product.  They  have  been  found  filled  with  crystals  of 
m-ic  acid,  &c.,  in  urine.  The  epithelium  in  the  lowest 
part  of  the  tube  is  pale  and  tesselated,  and  towards  the 
ureter,  becomes  columnar,  which  variety  retains  till  the 
bladder,  where  the  mucous  coat  is  covered  with  very 
large  nucleated  cells. 

The  Ureters  are  very  dilatable  tubes,  having  an  outer 
longitudinal  and  an  inner  circular  unstriped  muscular 
coat,  in  which  vermicular  contractions  occur.  Their 
openings  into  the  bladder  are  so  oblique,  so  narrow  and 
valve-like,  that  there  can  be  no  need  of  such  muscles  as 
Sir  C.  Bell  described  to  hinder  the  reflux  of  urine ;  and 
Mr.  Ledwich  describes  the  tissue  of  these  bands  and  the 
trigone  as  elastic.  In  cases  of  ectopia  vesicae,  the  ure- 
ters have  been  observed  to  pour  out  urine  alternately. 

The  Bladder  has  coats  which  in  position  and  number 
are  identical  with  those  of  stomach,  viz.,  serous,  areolar, 
longitudinal,  circular,  and  reticulated  muscular,  fibrous, 
and,  lastly,  mucous.  The  circular  muscular  fibres  form 
round  the  neck  a  "  sphincter  vesicae."  That  the  neck  of 
the  bladder  is  muscular,  was  the  opinion  of  Bell  and 
Meckel,  and  seems  proved  by  the  occurrence  of  spasm 
(dysuria  or  strangury)  from  many  morbid  irritations. 
Bichat,  Magendie,  and  others  regarded  it  as  elastic,  on 
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account  of  the  urine  being  retained  after  injury  to  the 
spinal  cord.  Prof.  Harrison  demonstrated  elastic  tissue 
below  in  the  situation  of  the  uvula  and  muscular  fibres 
in  other  directions.  The  internal  muscular  coat  is  reti- 
culated, and  when  hypertrophied,  comes  to  resemble 
closely  the  columnar  surface  of  the  heart,  especially  the 
apicial  bands,  according  to  Mr.  Ledwich.  The  mucous 
membrane  of  the  bladder  is  pale,  loose,  and  rugous,  save 
at  the  "trigone,"  where  it  is  smooth,  fixed,  and  vascular. 

The  Male  Urethra  has  walls  undoubtedly  muscular, 
Hancock  having  traced  that  tissue  from  the  longitudinal 
fibres  of  the  bladder.  They  may  give  rise  to  spasmodic 
stricture,  especially  in  the  membranous  portion,  where 
two  layers  lie  close  to  the  mucous  coat.  Here,  too,  can 
be  demonstrated  striped  fibres,  constituting  "  Wilson's 
muscle,"  which  Mr.  Ledwich  has  always  succeeded  in 
finding,  and  "  Guthrie's  muscle,"  which  is  not  so  con- 
stant. The  lodgment  of  the  last  few  drops  of  water  is 
prevented  by  the  action  of  the  accelerator  urinse. 

QUESTIONS  FOR  EXAMINATION. 
JUNIOR. 

1.  Define  secretion,  and  say  what  chemical  substances  are  re- 
moved by  the  process. 

2.  Describe  the  structure  of  the  mammary  gland,  and  compare 
it  with  the  testis. 

3.  Sketch  the  circulation  of  the  fcetal  liver. 

4.  Wliat  are  the  contents  of  a  "  portal  canal?" 

5.  Give  the  chemical  composition  and  uses  of  the  bile. 

6.  Describe  that  part  of  the  renal  vessels  where  it  is  supposed 
the  water  of  the  urine  escapes. 

SENIOR. 

1.  What  are  the  respective  influences  of  cerebro-spinal  and  sym- 
pathetic nerves  on  secretion  ? 

2.  Give  the  composition  of  milk,  noting  the  differences  pre- 
sented at  various  periods,  and  by  that  of  the  cow. 

3.  Describe  the  minute  anatomy  of  the  liver,  mentioning  the 
opinions  held  as  to  the  position  of  the  hepatic  cells. 

4.  Sketch  the  functions  of  the  liver,  including  that  discovered 
by  Bernard. 
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5.  Describe  Mr.  Richardson's  method  of  preparing  injections  of 
the  renal  vessels. 

6.  What  are  the  supposed  sources  and  uses  of  the  straight  vessels 

of  the  kidney  ? 


THE  URINE 

Is  a  clear,  pale  yellow  liquid,  with  a  saline  taste  and 
a  peculiar  aromatic  odour  when  first  passed,  or  in  a 
much  stronger  degree  when  a  drop  of  it  is  heated  on 
platina  foil.  Its  reaction  is  slightly  acid,  which,  as  well 
as  colour  and  smell,  is  due  to  the  urophsein,  according 
to  Heller.  The  more  concentrated  the  urine  the  greater 
the  acidity,  colour,  and  smell.  Others  assign  the  acid 
reaction  to  lactic  acid,  and  Liehig  to  acid  phosphate, 
•which  view  is  supported  by  its  being  much  less  acid,  or 
even  alkaline  during  digestion,  especially  of  animal  food, 
that  salt  being  the  solvent  of  gastric  juice,  according  to 
Blondlot.  The  urine  of  carnivora  is  acid,  that  of  her- 
bivora  alkaline,  save  during  fasting,  when  they  may  be 
regarded  as  feeding  on  their  own  tissues.  The  amount 
of  acidity  of  the  urine  of  24  hours  equals  about  that  of 
30  grs.  of  oxalic  acid.  The  specific  gravity  is  on  ave- 
rage 1-020,  but  ranging  much  above  and  below  this  even 
in  health,  mainly  according  to  ingestion  of  food  ;  thus, 
that  passed  shortly  after  a  meal  (urina  cibi)  has  a  high 
density  ;  that  passed  in  the  morning  (urina  sanguinis)  a 
medium,  and  is  most  suitable  for  examination ;  and  that 
passed  after  drinking  (urina  potus)  is  most  watery. 

The  average  quantity  Dr.  Prout  stated  to  be  30  to 
40  ozs.  daily,  the  former  being  the  average  of  summer 
when  the  skin  discharges  so  much  water,  and  the  latter 
the  quantity  passed  in  winter  and  moist  weather.  Dr. 
T/mdichum's  average,  viz.,  65  ozs.,  is  much  too  high. 
There  is  eliminated  about  650  grs.  of  solid  matter  in 
this  quantity  of  urme ;  and  this  can  be  always  roughly 
estimated  by  taking  the  specific  gravity,  and  multiplying 
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its  excess  above  1000  by  2-33,  according  to  Dr.  Christi- 
son's  formula.  If  the  specific  gravity  be  then  1-020,  the 
number  of  grains  of  solid  matter  in  1000  grs.  of  urine 
will  be  46-60,  half  this  if  the  specific  gravity  be  1-010, 
and  double  it  if  1-040.  "Another  simple  rule  is,  that  the 
two  last  figures  of  the  specific  gravity,  if  under  10-30,  give 
the  number  of  grains  of  solids  in  an  ounce.  Man  loses 
daily  by  the  kidneys  about  of  his  weight,  and  a  child 
nearly  twice  that  amount.  Urine  forms  46^  per  cent, 
of  the  entire  egesta,  pulmonary  exhalation  32,  cutaneous 
excretion  17,  and  faeces  4^.  Urine  deposits  a  cloud  of 
mucus  in  about  2  hours,  or  more  rapidly  if  cooled,  in 
which  the  microscope  shows  epithelial  scales.  After 
some  time  longer  it  becomes  more  highly  acid  from  the 
formation  of  lactic  acid,  which,  uniting  with  the  bases  of 
the  urates,  throws  down  uric  acid.  In  some  instances 
oxalic  acid  or  oxalate  of  lime  is  precipitated.  At  a  still 
later  period  it  undergoes  alkaline  fermentation,  the  urea 
being  changed  into  carbonate  of  ammonia,  the  phos- 
phates deposited,  and  ammonia,  with  its  characteristic 
smell,  being  evolved.  This  change  occm'S  more  rapidly 
in  the  bladder,  owing  to  the  higher  temperatui'e. 

The  Composition  of  Healthy  Urine,  specific  gravity 
1-020,  is  exhibited  in  Prof.  Miller's  analysis  : 


Solids 
43-2  ' 


Water 


'Organic  matter 


Fixed  Salts 
13-35. 


29-79. 


^  Lime  

Magnesia 
Potash . . . 
Soda  


-l  Alcoholic  extract  — 

Watery  extract  

Vesical  mucus  

'  Chloride  of  sodium .. 

Phosphoric  acid  

Sulphuric  acid  


Urea  

Uric  acid 


956-80 
14-23 

0-37 
12-53 

2-50 

0-  16 
7-22 
2-12 

1-  70 
0-21 

0-  12 

1-  93 
005 
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Prof.  Day  gives  the  following  table  of  the  daily  ave- 
rage quantities  of  the  constituents  of  urine ;  specific 
gravity  1-020  —  52  ounces  containing  935  grains  of 
solids  : 

Grams. 

Urea   520 

Uric  acid   8 

Hippuric  acid   traces. 

Xanthin   ,> 

Hypoxanthin   ,» 

Creatinin   7*0 

Creatin   4-5 

Extractive  variable. 

Chloride  of  sodium   266 

Sulphuric  acid   32 

Phosphoric  acid     54 

Earthy  phosphates   15 

Ammonia  (?)   11 

Iron    traces. 

Silica  

Fluorine   ,, 

Gases   undetermined. 

Urine  contains,  per  volume,  45  parts  of  carbonic  acid 
if  fasting,  100  parts  if  digesting,  8  of  nitrogen,  and  0-6 
of  oxygen  in  the  1000. 

We  shall  now  examine  in  detail  the  most  important 
substances  contained  in  urine  during  health,  and  the 
variations  under  disease,  and  firstly  the  nitrogenized 
bodies. 

Urea,  which  was"  discovered  by  Cruikshank,  is  a  weak 
base  uniting  with  acids,  but  not  showing  the  other  tests 
of  alkaline  reaction.  It  is  inodorous,  has  a  cooling, 
saline  taste,  and  is  soluble  in  its  own  weight  of  water. 
Its  composition  is  shown  by  the  formula  C2  H4  N2  O2, 
and  it  is  metameric  with  cyanate  of  ammonia,  as  dis- 
covered by  Wohler  (H4  N  0,  C2  N  0=C2  H4  N2  O2).  It 
can  be  prepared  artificially.    Urine,  if  evaporated  in  a 
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watch-glass  to  \,  yields  crystals  of  nitrate  of  urea  on 
adding  nitric  acid,  which  can  be  then  removed  by  carbo- 
nate of  baryta,  leaving 
the  urea  pure.  It  fuses 
at  248°,  at  a  higher 
heat  gives  off  carbonate 
of  ammonia,  and  leaves 
cyanic  acid.  The  crys- 
tals of  the  nitrate  are 
of  the  forms  seen  in 
the  annexed  j&gure. — 
The  diurnal  quantity  is 
stated  most  variously  by 
several  chemists  ;  thus, 
Becqiierel  295  grains, 
Parkes  346,  LecanwiSS, 
Lehmami  500,  and  the 

Nitrate  of  Urea.  UeV.    ProfeSSOV  Haug/l- 

ton  obtained  576  grains  from  "  well-fed,  flesh-eating, 
wine -drinking  men,"  and  but  394  "from  well-fed,  water- 
drinking  vegetarians."  The  last  accurate  observer  gives 
the  following  bed-side  rule  for  ascertaining  its  amount : 
"  Half  the  excess  of  specific  gravity  of  urine  (not  con- 
taining either  sugar  or  albumen)  above  1000,  is  the 
number  of  grains  of  urea  per  fluid  ounce."  Professor 
Davy  of  the  Koyal  Dublin  Society  has  discovered  the 
following  beautiful  method  of  quantitative  analysis  : — 
Place  a  measured  quantity  of  the  fluid  containing  urea 
in  a  glass  tube  partly  filled  with  mercury,  add  an  excess 
of  solution  of  hypochlorite  of  soda,  and  then  invert  the 
tube.  The  urea  is  decomposed  into  water,  carbonic  acid 
(which  the  fluid  absorbs),  and  nitrogen,  whose  amount 
in  the  top  of  the  tube  indicates  the  quantity  of  urea. 

The  source  of  urea  is  either  the  waste  of  the  nitro- 
genized  tissues,  especially  muscular,  or  by  the  direct 
destruction  of  nitrogenized  food.  Liehig  and  Bischoff 
maintain  the  first  view,  as  it  is  still  excreted  after  3 
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weeks'  fasting,  and  is  much  increased  by  exercise.  Leh- 
maun  and  Frerichs,  on  the  other  hand,  believe  that  the 
nature  and  quality  of  food  influence  the  amount  of  urea. 
It  is  increased  after  meals ;  and  BechamiJ,  by  digesting 
albuminoids  with  permanganate  of  potash,  has  converted 
them  into  urea.  His  results  have  been  questioned  by 
Staedeler.  Grelatin  appears  to  form  urea  directly,  not 
being  appropriated  by  any  tissue.  Again,  Draper  found 
that  the  amount  varied  but  slightly  in  a  person  kept  at 
perfect  rest  while  being  treated  for  a  fractured  leg,  and 
in  another  man  who  walked  13  miles  daily  at  the  rate  of 
4^  miles  per  hour. 

Much  less  is  secreted  during  sleep,  which  is  due  either 
to  diminished  mental  or  muscular  activity.  Professor 
Haughton  thinks  mental  exertion  greatly  increases  the 
amount  of  urea.    He  thus  assigns  533  grains  as  the 
daily  average  for  the  student,  400  for  the  physical 
labourer.     Urea  is  not  formed  in  the  kidney,  but  is 
merely  separated  from  the  blood — so  rapidly,  however, 
that  without  taking  great  quantities  of  that  fluid  no  trace 
can  be  obtained.    As  discovered  by  Prevost  and  Dumas, 
if  the  kidney  be  extirpated  its  amount  increases  to  1*4 
per  1,000  of  blood  ;  while  some  of  it,  by  the  addition  of 
water,  is  converted  into  carbonate  of  ammonia,  and  thus 
evolved  from  the  mucous  surfaces.    In  man  disorganiz- 
ation of  the  kidneys  is  often  so  complete  as  to  render 
impossible  any  separation  of  urea,  which,  being  retained 
in  the  blood,  often  inflames  the  serous  membranes,  or  if 
the  retention  be  sudden,  produces  symptoms  of  narcotic 
poisoning,  usually  called  "  renal  coma."  Frerichs  thinks 
such  effects  due  to  the  conversion  of  the  urea  into  car- 
bonate of  ammonia,  which  cannot,  however,  be  usually 
detected  in  the  breath.  Urea  is  not  a  poison  when  taken 
into  the  digestive  canal,  for  Segalas  administered  it  as  a 
diuretic  in  dropsy.     Prof.  Parkes  states  that  liquor 
potass^  mcreases  the  amount  of  urea,  as  also  does  com- 
mon salt.    Alcohol,  tea,  &c.,  according  to  Bocker,  check 
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its  excretion.  Disease  sometimes  increases  the  quantity 
excreted — a  morbid  condition,  termed  by  Prout  diabetes 
ureosus,  or  azoturia.  Warncke  (whose  essay  has  been 
translated  by  that  elegant  scholar,  Dr.  W.  D.  Moore) 
found  it  increased  during  the  first  week  of  typhoid  fever, 
after  which  it  gradually  decreased.  This  circumstance 
is  diagnostic  from  gastric  fever,  in  which  it  is  at  first 
decreased,  and  gradually  rises  in  amount.  1,250  grains 
were  daily  excreted  in  pyemia,  and  1,100  in  fevers.  Its 
amount  is  much  decreased  in  cancerous  cachexy,  and 
lowered  to  ^  its  normal  standard  in  Bright's  disease,  and 
Tliudichum  relates  a  case  of  ovarian  tumour  where  but 
75  grains  passed  daily.  It  occurred  in  the  muscular 
substance  of  a  cholera  patient,  in  which  tissue  it  cannot 
be  found  in  health.  The  fluids  of  the  eye  and  the 
liquor  amnii  normally  contain  urea. 

Uric  Acid  ( Cjo  H4  N4  Oe  )  constitutes  about  o 
human  urine,  being  combined  with  soda  and  ammonia, 
and,  as  some  state,  with  lime.  It  is  very  insoluble.  The 
almost  solid  urine  of  serpents  and  birds  (guano)  contains 
even  90  per  cent,  of  urates,  Caruivora  excrete  more  of 
it  than  man,  and  the  urine  of  herbivora  contains  none. 
It  is  a  very  weak  acid,  not  reddening  litmus,  and  dis- 
placing only  a  part  of  the  carbonic  acid  combined  with 
the  base,  thus  converting  a  carbonate  into  a  bicarbonate. 
Uric  acid  can  be  obtained  by  adding  hydrochloric  acid 
to  urine,  when  in  a  few  hours  it  subsides  in  beautiful 
crystalline  grains,  stained  red  by  the  colouring  matter. 
Some  of  its  crystalline  forms  are  figured  in  the  following 
page,  that  in  the  centre  of  the  second  figure  having  been 
observed  by  Mr.  Bichardson.  Its  presence  is  easily  de- 
tected by  forming  murexid,  or  purp urate  of  ammonia  of 
Prout  (its  discoverer),  a  splendid  purple  substance.  To 
produce  this  reaction  a  little  of  the  urine  is  heated  on  a 
slip  of  glass  with  a  drop  of  nitric  acid  ;  ammonia  is  next 
added  to  the  dried  residue,  when  a  crimson  colour  ap- 
pears, changing  to  purple  if  liquor  potassa?  be  poured  on 
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it.  The  colour  disappears  on  heating.  Thein  gives  a 
similar  reaction. 


Uric  Acid. 


Uric  acid  appears  to  be  a  result  of  the  oxidation  of 
of  nitrogenous  tissues  and  food,  further  oxidation,  ac- 
cording to  Liebig,  producing  urea ;  so  that  Haughton 
regards  the  presence  of  uric  acid  as  abnormal. 

Diminished  perspiration,  respiration,  or  exercise,  and 
increased  animal  food,  augment  the  quantity  excreted. 

Acute  inflammatory  diseases,  gout  and  rheumatism, 
increase  the  quantity  of  uric  acid  generated  in  the  sys- 
tem ;  but  more  of  it  will  be  passed  with  the  urine  when 
'  they  are  subsiding.  Parkes  procured  17-28  grains  daily 
from  a  fever  patient.  Dr.  Garrod  has  detected  urate  of 
soda  in  the  blood  of  gouty  patients,  from  whose  urine  it 
disappears  before  an  attack  of  gout,  which  is  then  due 
to  its  accumulation  in  the  blood.  The  readiest  way  to 
obtain  uric  acid  from  the  blood  of  a  gouty  patient,  is  to 
apply  a  blister  and  add  acetic  acid  to  the  blister-serum, 
through  which  a  fine  thread  is  passed  ;  it  soon  crystal- 
lizes upon  the  thread.  Tophi  or  chalk  stones  are  com- 
posed of  urate  of  soda  ;  hence  physicians  prefer  potash 
or  lithia  as  remedy  for  gout,  the  salts  they  form  being 
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soluble.  These  deposits  are  formed  about  the  smaller 
joints,  and,  as  Dr.  Benson  has  observed,  under  the  skin 
of  the  ear.  I  had  lately  the  advantage  of  observing  the 
action  of  lithia  employed  by  Dr.  Garrod  in  the  Uni- 
versity College  Hospital.  In  many  debilitating  diseases, 
chlorosis,  hysteria,  ramollissement,  spermatorrhoBa,  &c., 
the  amount  of  uric  acid  may  be  decreased  one-half. 
Liehig's  theory  that  excess  of  uric  acid  occurs  in  diseases 
where  the  oxygenation  of  the  blood  is  prevented,  is  not 
supported  by  clinical  observation.  The  dependence  of 
lithuria  on  obstructed  action  of  the  skin,  and  the  elimi- 
native  and  curative  power  of  that  surface  are  well  estab- 
lished ;  and  uric  acid  calculi  rarely  occur  in  warm  cli- 
mates, where  cutaneous  excretion  is  abundant.  Bird 
found  crystals  of  urate  of  soda  in  eczematous  discharges 
fi'om  gouty  patients.  Among  remedial  agents  whose 
actions  the  physiological  source  and  chemical  properties 
of  uric  acid  explain,  may  be  mentioned  exercise,  dimi- 
nished animal  food,  diaphoretics,  and  such  solvents  as 
potash,  and  its  salts  with  organic  acids,  lithia  used  by 
Garrod,  phosphate  of  soda  suggested  by  Liebig,  and  ben- 
zoic acid  recommended  by  Ure. 

Hippuric  Acid  (Cig  Hs  NO5  HO),  discovered  by 
Liebig,  is  found  in  the  urine  of  horses — hence  its  name — 
of  cows,  which  contain  1-3  per  cent.,  and  some  other 
vegetable  feeders.  Uric  acid  replaces  it  in  the  urine  of 
all  animals  while  suckling.  A  minute  trace  can  be  dis- 
covered in  human  urine,  and  a  large  quantity  was  daily 
excreted  by  a  patient  of  Mr.  Tuffnell,  in  the  Military 
Prison.  Hydrochloric  acid  throws  it  down,  as  it  does 
uric  acid,  than  which  it  is  much  more  soluble,  and  dis- 
tinctly acid,  reddening  litmus  at  once.  Ure  found  that 
benzoic  acid,  cinnamic  acid,  or  oil  of  bitter  almonds,  if 
taken,  were  converted  into  hippuric  acid,  and  so  carried 
off'  in  urine.  A  converse  change  is  said  to  occur  if  cow's 
urine  be  allowed  to  become  stale,  hippuric  changing  into 
benzoic  acid,  an  occurrence  which  also  takes  place  in 
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horses  if  overworked.  After  bile  and  purpurine,  hippu- 
ric  acid  contains  more  carbon  than  any  other  substance 
obtainable  from  the  human  body.  With  regard  to  its 
physiological  and  pathological  relations  we  know  little, 
save  that  it  has  been  found  in  the  blood  of  oxen,  that  it 
appears  analogous  to  bile-pigment,  and  is  absent  from 
the  urine  in  jaundice. 

Creatin  and  Creatinin  are  two  other  nitrogenized 
products  discovered  in  the  urine  by  Pettenkofer,  and 
proved  to  exist  in  muscle-juice  by  Liebig,  a  pound  of 
flesh  giving  about  5  grains  of  the  former.  Their  che- 
mical composition  only  differs  in  creatin  containing  two 
more  equivalents  of  water.  Creatin  has  been  discovered 
in  the  blood.  Four  grains  of  creatin  and  7  of  creatinin 
are  daily  excreted,  the  amount  being  proportional  to 
muscular  waste.    The  heart  yields  most  creatin. 

Kiestin  is  a  term  applied  to  a  substance  which  rises, 
as  a  cotton-like  cloud,  to  the  surface  of  the  urine  of 
pregnant  women.  It  is  said  by  some  to  be  merely  a 
mixture  of  ammoniaco-magnesian  phosphate  and  fungoid 
growths  developed  by  putrescence,  and  by  others  to  be  f 
composed  of  a  fatty  and  a  casein-like  substance,  thus 
excreted  while  the  blood  contains  casein  and  no  milk  is 
produced.  Its  peculiar  appearance,  and  cheese-like 
odour  when  putrifying,  afford  reliable  signs  of  pregnancy 
or  mole-pregnancy. 

We  shall  here  describe  two  nitrogenized  bodies  which 
can  be  hardly  assigned  as  normal  constituents,  though 
there  is  some  reason  to  suppose  they  exist  in,  or  are 
formed  from  the  extractives. 

Xanthin,  or  uric  oxide,  is  a  very  rare  constituent  of 
calculi  discovered  by  Br.  Marcet,  and  never  has  occurred 
except  in  children.  Its  chemical  characters  are  very 
similar  to  those  of  guanin  and  hypo-xanthin,  which 
may  be  found  abundantly  in  the  spleen  and  cirrhosed 
liver.  Bence  Jones  is  the  only  chemist  who  has  found 
it  crystalline.    It  forms  the  greater  part  of  the  urine 
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of  the  arachnids.  Nothing  physiological  or  pathological 
is  known  about  this  substance. 

Cystin,  discovered  by  Dr.  Wollaston,  is  remarkable 
for  the  great  amount  of  sulphur  (26  per  cent.)  it  con- 
tains, and  is  thus  recognized  by  its  smell  when  burned 
on  platina  foil.    When  in  sediments  it  is  always  crystal- 

Oline,  and  forms  six-sided  scales, 
as  here  represented.  It  has  chiefly 
occurred  in  chlorotic  and  strumous 
persons,  with  sometimes  an  heredi- 
tary tendency.  As  it  indicates  an 
y  ^\  insufficient  supply  of  oxygen,  Dr. 
'      ^    Vrout  advised  the  exhibition  of  ni- 

\  /    tro-muriatic  acid.    Pro/.  Ronalds, 

cytin.  late  of  Queen's   College,  Galway, 

found  3  to  5  grains  of  sulphur,  probably  from  the  albu- 
minoids and  taurin,  daily  excreted  in  the  extractive. 

Urophcein,  or  the  urine-pigment,  is  another  nitro- 
genized  body  about  which  much  obscurity  still  prevails. 
Heller  states  that  the  acid  reaction  and  smell  of  urine, 
as  well  as  the  colour,  are  due  to  it.  It  is  very  similar  to 
blood-pigment,  and  may  be  a  product  of  the  destruction 
of  blood- cells.  By  it  large  quantities  of  carbon  are  got 
rid  of,  especially  if  the  liver  or  lungs  are  diseased,  so 
that  the  kidneys  seem  compensatory  to  these  organs. 

Various  other  colouring  matters  have  been  described 
in  the  urine.  They  all  contain  nitrogen,  and  usually 
a  trace  of  iron,  and  are  probably  but  altered  conditions 
of  the  blood  pigment.  Urophoein  is  that  which  is  best 
known,  and  its  quantity  and  the  depth  of  colour  are  pro- 
portional, save  in  diabetic  urine,  to  the  specific  gravity. 
Indican,  a  blue  pigment  almost  identical  with  indigo, 
exists  in  nearly  every  specimen  of  urine,  and  was  dis- 
covered by  Carter  in  the  blood.  Ammonia  probably 
does  not  exist  in  fresh,  healthy  urine,  but  is  often  evolved 
as  the  nitrogenized  matters  decompose.  In  combina- 
tion with  uric  acid,  urate  of  ammonia,  it  occurs  in  solu- 
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tion  or  in  many  febrile  states  as  a  plentiful  bricli-dust 
or  lateritious  amorphous  sediment,  or  in  crystals,  such 
as  here  represented,  the  projec- 
tions from  the  spheres,  however, 
being  urate  of  soda.  This  am- 
moniacal  salt  is  recognized  by  its 
being  dissolved  by  heat  and  am- 
monia, and  by  giving  the  peculiar 
smell  and  reactions  of  its  alkali 
-when  heated  with  baryta.  Nitric 
acid  has  been  found  in  urine,  ap- 
parently normal. 

The  Fixed  Salts,  so  called 
from  being  retained  in  the  ash, 
are  as  follows  : — Chloride  of  sodi- 
um, which,  besides  chemical  uses 
elsewhere  mentioned,  promotes  the  excretion  of  the  nitro- 
genous matter.    Nearly  200  grs.  are  daily  passed  in  the 
urine.   RedtenbacJier  found  it  absent  from  the  urine  in  80 
cases  of  pneumonia,  and  Dr.  Beale  finds  it  determined  to 
the  inflamed  lung,  to  aid  in  the  abundant  cell-formation 
then  proceeding,  and  plentifully  thrown  oflf  in  the  urine 
when  the  inflammation  is  resolved.    The  sputa  con- 
tained it  in  one  case  to  the  amount  of  18  per  cent,  of 
solid  matter.    Its  presence  is  shown  by  the  white  pre- 
cipitate, on  adding  nitrate  of  silver.    Chloride  of  potas- 
sium is  also  sparingly  present.    The  sulphates,  as  of 
potash,  soda,  &c.,  are  increased  by  food,  particularly 
albuminous,  which  yields  its  sulphur  in  this  form,  or 
with  extractive,  and  according  to  Parkes,  by  liquor  po- 
tass».    Their  amount,  as  ascertained  by  precipitation 
with  chloride  of  barium,  corresponds  to  about  32  grs. 
of  sulphuric  acid  daily. 

The  Phosphates  in  healthy  urine  are  the  phosphates 
of  soda,  ammonia-phosphate  of  soda,  phosphate  of  lime, 
and  ammonia-phosphate  of  magnesia,  which  are  all  tri- 
basic.    The  daily  amount  corresponds  to  about  50  grs. 
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of  phosphoric  acid,  equivalent  to  about  120  grs.  of  phos- 
phatic  salts,  and  about  that  quantity  is  contained  in 
ordinary  mixed  diet.  They  are  derived  from  the  food, 
some  kinds  of  which  contain  them  largely  ;  peas,  for  in- 
stance, having  9  grs.  to  the  ounce.  Some  of  this  is 
passed  in  the  solid  excrement.  Bence  Jones  first  drew 
attention  to  the  increase  of  phosphates  which  follows 
increased  nervous  waste,  as  by  undue  mental  exertion, 
or  inflammatory  disease  of  the  brain  or  spinal  cord.  This 
fact  has  led  to  the  ready  diagnosis  of  phrenitis  and  deli- 
rium tremens,  in  which  the  quantity  of  phosphates  is 
below  the  standard,  the  copious  perspiration  being  per- 
haps vicarious.  Phosphuria  is  the  term  applied  to  that 
morbid  state  in  which  undue  quantities  of  these  earthy 
salts  are  passed  by  the  kidneys.  When  occurring  as 
sediment,  the  phosphates  are  usually  white,  but  they 
may  be  stained  by  blood.  They  are  insoluble  on  heat- 
ing, and  may  be  thrown  down  from  solution  on  boiling 
urine,  which  circumstance  might  confound  them  with 
albumen  but  that  they  are  dissolved  by  nitric  acid.  The 
precipitation  of  the  earthy  phosphates  on  heating  has 

been  explained  by  the  presence  of 
soda,  or  its  tribasic  phosphate 
neutralizing  the  acid  [Bence  Jones) 
by  carbonic  acid  being  present  and 
evolved  by  heat  (Brett),  and  hydro- 
chlorate  of  ammonia  holding  it  dis- 
solved {Owen  Bees).  The  urine  is 
generally  abundant,  whey-colom-ed, 
of  low  specific  gravity,  and  usually 
alkaline,  but  it  may  be  acid  when 
fii-st  passed.  The  magnesian  phos- 
j^- —  phates  form  beautiful  crystals  of 

tCH:^  prismatic,  penniform,  or  stellate 

Phosphates.  shapcs.    Phosphatc  of  lime  does 

not  occur  in  the  crystalline  form,  but  a  copious  sediment 
has  been  found  in  mollities  ossium.    Its  amount  is  de- 
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creased  during  pregnancy  and  dentition.  _  The  excess  of 
phosphates  is  usually  an  indication  of  diseased  nervous 
system,  as  exhausted,  overworked,  or  softened  brain,  or 
injury  of  spinal  cord.    Dr.  Graves  found  this  condition, 
as  well  as  ammoniacal  reaction,  in  typhus,  and  a  similar 
fact  is  related  of  mania.    Blows  or  sprains  upon  the 
back  is  also  a  frequent  exciting  cause.    Mere  retention 
of  urine  will  not  lead  to  the  liberation  of  ammonia  and 
deposit  of  phosphates,  if  the  innervation  of  the  bladder 
be  normal ;  but  in  cerebral,  or  still  oftener,  spinal  lesion, 
m-ea  undergoes  decomposition  (the  mucus,  perhaps,  as 
suggested  by  Dumas,  acting  as  a  ferment),  and  by  taking 
two  equivalents  of  water  becomes  carbonate  of  ammonia. 
This  in  its  turn  decomposes  the  phosphates,  throwing 
down  the  earthy  salts  and  carbonate  of  lime.    An  abun- 
dance of  stringy  or  ropy  mucus  is  found  in  the  urine 
in  these  cases,  the  result  of  the  irritation  to  the  mucous 
surface.    It  has  been  lately  advanced  that  this  tenacious 
material  is  pus,  acted  on  by  ammonia,  which,  as  well  as 
other  alkalies,  has  the  effect  of  converting  that  fluid  into 
a  sticky,  gelatinous  mass.    The  urine  is  alkaline  from 
ammonia  when  the  disease  is  local,  and  from  the  fixed 
alkalies  when  general  nervous  disorder  exists,  a  diagnosis 
which  can  be  therefore  made  by  the  temporary  or  pre- 
manent  action  on  Htmus  paper.    The  following  remarks 
of  Golding  Bird  are  most  valuable  : — "  Where  the  pre- 
sence of  a  deposit  of  phosphates  is  independent  of  the 
irritation  of  a  calculus  or  of  organic  disease,  it  is  most 
abundant  in  the  urine  passed  in  the  evening  (urine  of 
digestion),  and  absent  or  replaced  by  uric  acid  or  urates 
in  the  morning  (urine  of  the  blood),  the  urine  being  al- 
ways of  a  tolerably  natural  colour,  never  below  and  often 
above  the  mean  density.    Where  the  presence  of  phos- 
phatic  salts  depends  on  the  irritation  of  a  calculus,  or  of 
organic  mischief  in  the  urinary  passages,  the  urine  is 
pale  and  whey-like,  of  a  density  below  the  average,  often 
considerably  so,  and  the  earthy  deposit  is  nearly  equally 
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abundant  in  the  night  and  morning  urine."  In  the 
most  numerous  cases,  or  those  connected  with  dyspep- 
sia, the_  administration  of  tonics,  as  sulphate  of  zinc, 
strychnia,  and  attention  to  the  condition  of  the  digestive 
and  nervous  functions,  are  the  chief  curative  indications. 
Opiates  and  mineral  acids,  serve  ihose  cases  dependent 
on  spinal  lesion,  while  Bird  mainly  relied  on  injections 
of  either  plain  tepid  water,  or  with  a  few  drops  of  nitric 
or  hydrochloric  acid  in  those  cases,  which,  being  con- 
nected with  chronic  inflamed  bladder,  he 
terms  "phosphatic  cystitis." 

Carbonate  of  soda,  is  occasionally  found 
in  the  urine,  producing  a  permanent  effect 
on  litmus.  It  occurs  copiously  after  the 
ingestion  of  salts  of  organic  acids,  as  tar- 
trates, nitrates,  &c.,  carbonic  acid  resulting 
from  their  decomposition.  Its  crystalline 
form  is  peculiar. 

Carbonate  of  lime,  as  before  mentioned, 
Carbonate  of    is  ofteu  deposited  in  phosphuria.  It  occurs 
"  frequently  among  the  herbivora,  forming 

beautiful  little  bodies  identical  with  pearls. 

To  illustrate  the  variations  which  the  normal  consti- 
tuents of  the  urine  may  undergo  in  disease,  I  quote  the 
following  table  from  Dr.  Parkes,  which  shows  the  effect 
of  rheumatic  fever  on  that  secretion,  and  the  influence  of 
an  important  medicine : 

Effect  of  Liquor  Potassse. 

Solids  increased  still  more  increased. 

Water   greatly  diminished   slightly  increased. 

Uric  acid  increased   slightly  increased. 

Sulphur  in  considerable  quantity . .  probably  increased. 

Chlorine  diminished  unaffected. 

Sulphuric  acid,  greatly  increased   still  more  increased. 

The  same  analyst  gives  the  following  quantities  of 
solid  urinary  ingredients,  which  he  found  excreted  by  a 
patient  during  a  paroxysm  of  gout  in  the  24  hours :  urea, 
822-3  grs. ;  sulphuric  acid,  24-75;  phosphuric  acid,  9-5. 
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Having  now  mentioned  the  normal  constituents  of  the 
urine,  and  the  circumstances  in  health  and  disease  which 
increase  or  decrease  their  proportion,  we  shall  next  con- 
sider some  abnormal  states  of  the  urine,  which  may  be 
arranged  under  three  heads  :  1.  Dissolved  abnormal 
matters  ;  2.  Sediments  ;  3.  Calculi. 

I.  Bile,  as  before  alluded  to,  may  stain  any  of  the  se- 
cretions when  its  separation  from  the  blood  or  discharge 
into  the  alimentary  canal  is  prevented.  Urine  contain- 
ing it  has  a  deep  brown  colour,  and,  if  shaken,  its  foam 
will'  be  coloured  yellow.  It  is  merely  the  bile-pigment 
which  stains  the  urine  in  jaundice,  but  Heller  has  found 
bilin  in  cases  "  where  tuberculosis  and  nutmeg  liver 
co-exist."  The  presence  of  bile  in  urine  is  often  of 
great  diagnostic  value,  for  instance,  in  cases  of  abdominal 
dropsy  it  shows  if  it  be  of  hepatic  origin.  The  tests  for 
bile  have  been  mentioned  at  page  172. 

Sugar  was  discovered  in  urine  by  Willis  about  1674, 
and  is  sometimes  found  in  great  quantity,  forming  50  to 
80  or,  in  one  case,  134  in  1000,  so  that  over  Ijft  may 
be  daily  excreted.  Such  urine  is  of  a  specific  gravity 
ranging  from  1-030  in  1-060,  and  yet  of  pale  color,  being 
the  only  condition  which  produces  dense,  yet  light- 
coloured  m-ine.  Its  amount  is  usually  great,  10  or  12 
pints  is  a  frequent  amount,  and  52fb  have  been  excreted 
in  one  case  in  24  hours.  Although  clear  when  passed  it 
soon  becomes  turbid,  owing  to  fermentation.  The  odor 
is  fragrant,  like  apples  or  new-mown  hay,  and  the  taste 
sweet.  Patients  often  remark  that  it  attracts  flies. 
Diabetic  sugar,  which  is  identical  with  glycose,  may  be 
separated  by  carefully  evaporating  the  urine  and  digesting 
it  in  alcohol.  White  crystalline  masses  then  separate 
spontaneously.  It  is  harder,  less  soluble,  and  less  sweet 
than  _  cane  sugar,  and  also  differs  in  dissolving  in  sul- 
phuric acid,  which  forms  a  bulky  charred  mass  with 
cane  sugar.  Besides  Moore's,  Trommer's,  Maumene's,  and 
the  fermentation  tests  described  at  page  89,  some  others 
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may  be  mentioned,  as  well  suited  for  its  detection  in 
urine.  Fehling  and  other  German  chemists  advise  the 
following  solution  to  be  used  after  Trommer's  method  : 
1  oz.  of  sulphate  of  copper,  3  ozs.  cream  of  tarter,  1^  oz. 
carbonate  of  potash,  14  ozs.  of  solution  of  caustic  soda, 
and  water  till  the  whole  measures  15,160  grains.  As 
the  copper  in  200  grs.  of  this  fluid  is  reduced  by  one 
grain  of  sugar,  it  affords  an  admirable  means  of  quanti- 
tative analysis.  BarreswiVs  fluid  contains  cream  of  tar- 
tar, carbonate  of  soda,  of  each  96  gi's. ;  sulphate  of 
copper,  32  grs. ;  caustic  potash,  32  grs.  to  2  oz.  of 
water.  Horsleys  fluid  is  an  alkaline  solution  of  chro- 
mate  of  potash,  which,  if  boiled  with  diabetic  urine,  pro- 
duces a  deep  sap-green  colour.  Diabetic  urine  also 
decolorizes  tincture  of  iodine,  and  if  shaken  with  chloro- 
form, the  sugar  will  separate  in  an  upper  stratum.  The 
polariscope  has  been  applied  for  the  detection  of  sugar 
by  Bouchardat,  and  Prof.  Jellett,  T.C.D.,  has  arranged 
a  more  available  form  of  that  instrument,  which  he  terms 
the  "  saccharometer."  Cane  sugar  does  not  give  the 
same  reactions  as  diabetic  sugar,  into  which  it  is,  how- 
ever, converted  by  a  little  nitric  or  sulphmic  acid,  as 
they  yield  oxygen. 

The  torula  cerevisiae,  or  yeast  plant,  which  is  so  cha- 
racteristic of  saccharine 
urine,  when  undergoing 
fermentation,  is  here 
figured.  A  number  of 
mistakes  have  arisen  by 
using,  in  Maumene's  test, 
cotton  or  linen  cloth,  as 
its  cellulose  gives  the 
same  reaction  as  sugar. 
The  glycogenic  func- 

Torula  Ceremsia,  or  Yeast  Plant.       ^^^^  q£  ^j^g  ^iYeV  haS  been 

already  alluded  to,  and  the  efi'ect  of  irritation  of  the  floor 
of  the  4th  ventricle  in  producing  sugar  in  the  m-ine.  We 
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have  noticed  Briicke's  assertion,  confirmed  by  Pavy,  that 
sugar  is  a  normal  constituent,  and  can  be  discovered  by 
the  bismuth  test.  About  2  grs.  can  be  obtained  from 
1000  cubic  centimetres  of  healthy  urine.  It  was  also 
stated  that  the  liver  had  the  power  of  converting  cane 
sugar  into  glycose,  and  that  it  was  in  the  lungs  the  sugar 
was  destroyed,  a  very  small  quantity  remaining  in  the  arte- 
rial blood,  and  undergoing  decomposition  in  the  systemic 
capillaries.  Experiments  have  shown  that  sugar  is  de- 
stroyed in  proportion  to  the  efficiency  of  the  following 
conditions  :  1.  Due  supply  of  oxygen  ;  2.  Presence  of 
disintegrating  albuminoid  body,  especially  fibrin,  for  if 
defibrinated  blood  be  charged  with  sugar,  it  passes 
through  the  lungs  of  an  animal  without  loss  of  that 
substance ;  and,  3.  Presence  of  an  alkali  in  the  blood. 
From  such  considerations  it  appears,  that  diabetes  may 
result  from  deficient  oxidation  of  the  un-nitrogenized 
matters,  as  gout  does  from  the  nitrogenized  matters 
being  only  oxidized  as  far  as  the  condition  of  uric  acid. 
It  has  been  stated  that  the  urine  of  old  people  contains 
sugar  as  the  respiratory  function  becomes  impaired,  and 
it  is  said  to  occur  in  the  urine  of  suckling  children. 

In  Diabetes  we  cannot  as  yet  with  confidence  assign 
the  fault  to  any  one  organ.  In  the  earher  days  of  patho- 
logy, the  kidney  was  beheved  to  be  the  organ  diseased ; 
but  this  gland  merely  strains  the  sugar  from  the  blood. 
The  stomach,  where  saccharised  starch  is  absorbed — the 
liver,  where  glycose  is  generated  or  cane  sugar  changed 
into  it — the  lungs,  where  the  sugar  should  undergo  com- 
bustive  destruction — and  the  nervous  system,  which  re- 
gulates these  other  functions,  have  been  all  severally 
accused  of  being  the  seat  of  the  ailment.  In  some 
cases,  only  as  much  sugar  is  passed  as  can  be  accounted 
for  by  the  amount  of  sugar  or  starch  ingested.  Such 
cases  are  most  remediable :  thus,  the  late  Mr.  CampUn 
mformed  us  that  he  resisted  the  disease  for  10  years  by 
excluding  such  substances  from  his  diet,  which  mainly 
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consisted  of  bran  cakes.  The  amount  of  urea  passed  in 
24  hours  is  not  decreased,  although  its  proportion  in 
any  specimen  may  be  less.  Sir  R.  Kane  found  one 
specimen  of  diabetic  urine,  sp.  gr.  1-036,  to  contain 
water,  913 ;  sugar,  60  ;  urea,  6*5  ;  salts,  extractive,  and 
uric  acid,  20'5.  Diabetic  urine  has  occasionally  a  low 
sp.  gr. — thus,  in  a  case  oi  Dr.  Owens',  Dr.  Cameron,  the 
City  Analyst,  found  sugar  although  the  sp.  gr.  was  but 
1-015.  Diabetes  is  frequently  combined  with  pulmonary 
phthisis,  which  then  is  usually  the  immediate  cause  of 
death.  The  latter  disease  supplies  the  condition  of 
blood  surcharged  with  cacoplastic  fibrin  which,  accord- 
ing to  some,  undergoes  actual  conversion  into  sugar. 
We  shall  afterwards  discuss  the  question  whether  tu- 
bercle be  the  result  of  excessive  or  deficient  oxyge- 
nation, but  the  fact  that  so  highly  oxidisable  a  material 
is  so  abundantly  excreted  in  these  combined  cases,  lends 
support  to  the  latter  theory.  Inosite,  or  muscle-sugar, 
would  seem  sometimes  to  replace  grape-sugar  in  dia- 
betes, as  in  a  case  of  that  disease  300  grains  were  daily 
excreted. 

Albumen  must  be  regarded  as  abnormal  in  the  urine, 
save  in  that  of  the  foetus,  in  which  Dr.  W.  D.  Moore  has 
found  it  in  8  specimens  examined.  The  urea  was  hardly 
to  be  found,  and,  owing  to  the  great  activity  of  the  liver 
and  absence  of  respiration,  sugar  is  also  usuall}^  present. 
Albuminous  urine  has  generally  a  low  specific  gravity 
(1-010  to  1-005),  due  to  the  absence  of  urea,  not  to  tho 
presence  of  albumen  ;  for  when  both  concur,  as  in  some 
acute  inflammations,  the  density  of  the  fluid  is  over  the 
normal  standard.  It  cannot  be  distinguished  by  any 
peculiar  colour,  reaction,  or  smell,  but  is  said  to  putrify 
faster  than  healthy  urine,  and  appears  to  contain  car- 
bonate of  ammonia,  as  it  often  efi'ervesces  with  nitric 
acid.  The  quantity  present  may  range  from  a  trace  to 
12,  20,  or  even  30  parts  in  1000.  Two  tests  are  re- 
liable if  used  conjointly.     Heating  to  160°  or  over, 
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according  to  the  scarcity  of  the  albumen  present,  pro- 
duces a  flocculent  white  cloud  soluble  in  alkalies  and  the 
weaker  acids.  The  objections  to  this  are  that  it  will  not 
precipitate  if  the  urine  is  alkaline,  or  if  the  albumen  be 
of  the  soluble  kind  which  Dr.  Prout  states  occurs  in 
chyle,  and  that  heat  throws  down  a  very  similar  cloud  if 
earthy  phosphates  are  in  excess,  but  this  latter  disap- 
pears if  a  drop  of  nitric  or  any  other  acid  is  added. 
Nitric  acid  (or,  as  Bird  recommends,  nitro-hydro- 
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chloric,  as  it  contains  free  chlorine)  precipitates  albumen, 
producing  almost  a  solid  mass  if  it  be  abundantly  pre- 
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is  occasionally  thrown  drown  by  nitric  acid,  and  a  whitish 
cloud  is  said  to  appear  if  the  patient  be  taking  resinous 
substances,  as  copaiba,  cubebs,  &c.  Heat  does  not  pro- 
duce such  effects,  so  any  white  cloud  precipitated  by 
heat  and  nitric  acid  may  be  regarded  as  albumen.  Bi- 
chloride of  mercury,  ferrocyanide  of  potassium  (acetic 
acid  being  first  added,  as  the  precipitate  does  not  appear 
in  an  alkaline  solution),  creosote,  tannin,  have  been  also 
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used  for  detecting  albumen  in  urine.  Tannin  will,  how- 
ever, throw  down  a  copious  precipitate  of  tanno-gelatin, 
if  soup  had  been  partaken  of  shortly  before.  As  Bence 
Jones  discovered,  a  drop  or  two  of  nitric  acid  may  ren- 
der albumen  soluble  even  in  boiling  urine,  but  a  little 
more  of  the  acid  will  throw  it  down  coagulated.  Space 
will  not  allow  us  to  discuss  at  large  the  pathology  of  al- 
buminuria, but  it  may  be  noticed  that  that  condition  of 
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the  urine  is  not  pathognomonic  of  Bright' s  disease.  Dr. 
Parhes  has  found  temporary  albuminuria  in  paraplegia, 
hemiplegia,  phthisis,  bronchitis,  pneumonia,  heart  dis- 
eases, acute  and  subacute  rheumatism,  typhoid  and  ty- 


Healthy  Uriniferous  Tube. 

phus  fevers,  variola,  scarlatina,  and  erysipelas,  and  per- 
manent albuminuria  in  encephaloid  and  cystic  disease  of 
the  kidney,  leucocythemia,  heart  diseases,  &c.,  as  well 
as  in  Bright's  disease.  The  presence  of  albumen,  how- 
ever, in  any  considerable  quantity,  and  persistent,  is 
sufficiently  serious  to 
waiTant  medical  offi- 
cers of  insurance  com- 
panies in  rejecting  in- 
dividuals in  whose 
urine  it  has  been  dis- 
covered. 

Casts  of  the  nri- 
niferous  tubes  are 
much  more  surely  in- 
dicative of  Bright's 
disease  than  the  pre- 
sence of  albumen. 
The  varieties  of  these 
objects  are  described 
and  named  most  ac- 
curately hj  Dr.  George 
Johnson  as  follows: 

Epithelial    casts,  Urini/erous  Tubes  filled  with  oil. 
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small  waxy  casts,  large  waxy  casts,  granular  casts,  oily 
casts,  bloody  casts,  purulent.  We  have  here  exhibited 
the  microscopic  appearance  of  the  first  five  kinds,  from 
cases  which  occurred  in  Mr.  Richardson's  practice.  The 
figures  on  the  foregoing  page  represent  a  healthy  tubule 
and  one  filled  with  fat  globules.  Johnson  arranges  the 
morbid  conditions  of  the  kidney,  which  are  often  con- 
founded under  the  term  of  Bright's  disease,  as  follows  : 
Acute  desquamative  nephritis,  chronic  desquamative  ne- 
phritis, waxy  degeneration,  non- desquamative  disease, 
fatty  degeneration,  suppurative  nephritis.  He  believes 
the  occurrence  of  dropsy  is  due  to  the  remora  in  the 
renal  circulation ;  whereas  Becquerel,  with,  I  think,  more 
reason,  attributes  it  to  the  thinness  of  the  blood,  for  the 
albumen,  escaping  in  the  urine,  does  not  preserve  its 
proportion  of  7  per  cent. 

II.  Sediments  are  either  (1)  organised,  or  (2)  saline. 

1.  Blood  in  the  urine  appears  as  a  flaky,  dark  red 
cloud,  mixing  with  the  fluid  by  agitation,  and  again  sub- 
siding by  rest.  Chemical  tests  are  not  reliable,  except 
as  showing  the  albumen  present ;  but  the  microscope  ex- 
hibits the  well-known  form  of  the  blood-cells,  somewhat 
altered  if  they  have  lain  long  in  the  fluid.  Besides  he- 
maturia, when  the  blood  is  derived  fi'om  the  kidney  and 
mixed  with  urine,  blood  may  be  poured  from  the  bladder, 
when  it  generally  flows  after  the  urine  has  been  just 
passed — or  from  the  urethra,  when  it  precedes  the  ui'ine, 
or  oozes  out  at  other  times  besides  micturition. 

Pus  generally  appears  as  a  greenish-yellow  cloud, 
mixing  if  the  urine  be  shaken,  and  subsiding  afterwards. 
The  urine  is  frequently  acid,  but,  if  alkaline,  forms  a 
gelatinous  transparent  mass,  like  thick  mucilage,  which 
character,  on  adding  ammonia  or  liquor  potassas,  affords 
clear  evidence  of  purulent  deposit.  The  supernatant 
liquid  contains  albumen. 

Mucus  may  be  distinguished  by  occurring  in  alkaline 
urine,  in  not  yielding  fat  to  ether,  which  pus  always 
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does,  and  in  not  being  albuminous.    LeucorrhEeal  dis- 
cbarges appear  somewbat  similar ; 
but  between  epitbelial   cells,  dis- 
cbai-ged  in  tbese  cases,  and  pus 
cells,  tbe  microscope  will  establish  a 
ready  diagnosis.    Tbe  occurrence  of 
epithebal  cells  bas  been  referred  to 
wben  speaking  of  albuminuria,  and  ISii; 
those  from  tbe  vagina  are  here  re- 
presented.    Ordinary  mucus  cells 
and  pus  cells  are  identical,  according     Epithelial  Ceiisjiom 
to  Virchow. 

The  pus  may  be  derived  from  abscesses  finding  exit 
by  the  urinary  passages,  for,  as  Hunter  remarked,  they 
always  tend  to  a  mucous  or  cutaneous  surface.  Even 
such  remote  collections  as  empyema,  or  those  due  to 
carious  vertebrae,  may  thus  escape,  and  many  of  the 
so-called  vicarious  discharges  of  pus  may  be  in  this  way 
accounted  for.  There  are,  however,  some  reported  cases 
where  there  could  be  no  communication,  save  through 
the  general  circulation,  and  yet  where  purulent  urine 
seemed  to  follow  the  disappearance  of  abscesses.  The 
improbability  of  such  an  event  will  be  discussed  in  treat- 
ing of  blood  diseases.  Very  often  pus  in  urine  is  due  to 
pyelitis,  ulcerated  bladder,  strumous  disease  of  prostrate, 
urethral  disease,  &c.  Pus  was  passed  to  the  amount  of 
6  ozs.  daily  for  many  weeks,  in  a  case  of  tubercular 
disease  of  the  prostrate  I  lately  attended. 

Fat,  as  before  stated,  often  occurs  in  the  tubular  casts 
of  chronic  Bright' s  disease,  as  can  be  only  discovered  by 
the  microscope  ;  but  it  may  be  so  abundant  as  to  be 
evident  to  the  eye,  or  by  chemical  tests  in  "  chylous 
urine,"  first  described  by  Dr.  Prout.  The  fat  can  be 
readily  separated  by  ether,  and  has  amounted  to  20  parts 
m  1,000.  The  fibrin  which  is  generally  present  pro- 
duces coagulation  of  the  fluid  into  a  mass  aptly  com- 
pared to  blancmange.  The  fat  rarely  occurs  in  globules, 
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but  seems  emulsified  through  the  whole  fluid.  It  may 
occur  to  the  amount  of  13  per  1,000  in  one  specimen, 
and  be  entirely  absent  from  that  passed  a  few  hours 
afterwards.  The  condition  has  been  chiefly  found  in 
persons  with  a  tendency  to  obesity,  but  may  be  a  pre- 
cursor of  Brighfs  disease,  and  in  Demerara  has  occurred 
as  an  epidemic,  attended  with  much  emaciation.  Gallic 
acid  is  the  most  successful  remedy.  Fat  is  said  to  have 
been  found  in  the  urine  in  cases  of  rickets,  and  in  that 
of  insane  persons. 

Spermatozoa  can  be  occasionally  found  by  microscopic 

examination,   which  afibrds 
\  the   only  evidence  of  their 

*  presence,  in  the  lowest  por- 

V   ®  adult  male's  urine. 

C  They  are  usually  mixed  with 

@       y        ^  ^  seminal  granules,  and  with 
V.  \  A      crystals  of  oxalate  of  lime, 

^    ^    <=»0^  which  Do??w^  incorrectly  states 

are  never  found  save  in  sper- 
matic urine.    The  presence 

Spermatozoa  and  Seminal  Gramdet.  of  Spermatozoa  in  the  Urine 

of  a  female  after  coition,  has  aflforded  valuable  medico- 
legal evidence.  If  occurring  in  the  urine  of  men,  they 
cannot  be  said  to  always  indicate  disease,  as  some  semi- 
nal fluid  frequently  remains  in  the  urethra  or  vesiculje 
after  an  emission,  and  is  subsequently  passed  with  the 
urine,  or  forced  out  along  with  prostatic  mucus  by  har- 
dened faeces  during  defsecation.  Cases  of  spermatorrhoea, 
as  they  are  called,  are  nearly  always  imaginary  com- 
plaints, suggested  to  the  minds  of  hypochondriacal  and 
enervated  young  men  by  those  demoralising  and  disgust- 
ing advertisements  which  the  authorities  should  have, 
long  since,  suppressed. 

Besides  those  vegetable  growths  which  we  have  seen 
occur  in  saccharine  urine,  penicillium  glaucum  and  other 
confervoids  have  been  found,  but  they  have  no  constant 
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connexion  with  the  cause  of  typhus,  cholera,  and  other 
diseases,  as  once  believed.  Vibriones  also  have  been 
discovered  in  the  urine  of  cachectic  subjects  some  time 
after  being  voided,  but  are  probably  but  products  of  de- 
composition. Sarcina  ventriculi  (discovered  by  Goodsir 
in  the  matter  ejected  from  the  stomach  in  pyrosis)  has 
been  found  in  the  urine,  especially  in  spinal  diseases. 
The  trichomonas  vaginae  may  be  found  occasionally  in 
women's  m-ine.  2.  The  only  saline  or  crystalline  sedi- 
ment which  here  requires  description,  is  oxalate  of  lime, 
as  several  other  deposits,  consisting  of  excess  of  the  nor- 
mal salts,  have  been  already  alluded  to. 

Oxaluria,  or  that  diathesis  in  which  oxalate  of  lime  is 
deposited,  was  first  described  by  Golding  Bird,  who 
asserts  that  it  is  a  more  frequent  mor- 
bid deposit  than  the  earthy  phosphates, 
whereas  Lehmann,  Bence  Jones,  and 
Owen  Bees  deny  it  a  place  amongst 
urinary  diseases.  The  salt  is  diffused 
through  the  urine,  and  from  similarity 
of  colour  may  escape  detection,  but  is 
^  never  dissolved,  and  has  usually  the  Octahedral  oxalate  of 
crystalline  form  of  transparent,  sharply-defined  octohedra, 
as  here  figured.  Their  composition  is  shown  by  ignition. 


Octohedral  CryttaU. 


Dumb-bell  Crystalt. 
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leaving  carbonate  of  lime,  which  will  eflfervesce  with  nitric 
acid.  The  second  woodcut  represents  crystals  of  a  dumb- 
bell shape,  which  often  concur  with  the  octohedral 
variety;  but,  from  their  different  action  on  polarized 
light.  Dr.  Bird  regarded  them  as  oxalurate  of  lime. 
Oxaluric  acid  (Ce  H3  H2  O7  HO)  differs  from  oxalic  acid 
in  the  elements  of  urea  being  substituted  in  the  former 
for  those  of  water  in  the  latter.  Beale  states  the  dumb- 
bells are  also  oxalate  of  lime.  The  urine  has  no  very 
striking  peculiarities,  save  that  the  urea  and  other  nitro- 
genized  matters  are  usually  above  average,  which  ac- 
counts for  its  rather  high  specific  gravity  and  for  the 
emaciation  of  the  patient.  It  is  generally  acid.  Epi- 
thelial scales  are  often  abundantly  present.  With  regard 
to  the  pathological  source  of  oxalic  acid,  Dr.  Aldridge 
has  stated  that  urine  may  normally  contain  some  sub- 
stance analogous  to  sugar,  which  may  undergo  acetous 
fermentation ;  but  from  the  rarity  of  sugar  and  oxalates 
in  the  same  urine,  it  has  been  doubted  that  the  acid  is 
derived  from  sugar  or  other  unnitrogenized  matters.  Dr. 
\  Bird  supposed  it  to  be  due  to  a  re- arrangement  of  the 
elements  of  urea,  producing  oxalate  of  lime  in  the  blood, 
where  Dr.  Garrod  has  found  it.  He  appeals  to  the 
ready  conversion  of  urate  of  ammonia,  in  the  guano  of 
South  America,  into  oxalate  of  ammonia,  which  often 
occurs  before  it  reaches  this  country.  Liehig  believes 
that  it  is  uric  acid,  and  not  urea,  which  produces  oxalic 
acid ;  for  uric  acid,  by  the  use  of  an  oxidising  agent,  as 
peroxide  of  lead,  is  convertible  into  oxalic  acid,  urea, 
and  allantoin.  It  appears  to  be  derived  from  nitro- 
genized  food  rather  than  nitrogenized  tissues.  Many 
vegetables,  as  rhubarb,  sorrel,  &c.,  contain  oxalate  of 
lime,  which  will  be  found  in  the  urine  if  they  are  in- 
gested. In  such  plants  its  crystals  are  contained  in  the 
vegetable  cell,  and  in  man  it  has  been  found  in  crystals 
in  epithelial  cells. 

Bird  divided  cases  of  oxaluria  into  (1)  those  with  ex- 
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cess  of  urea  and  extractive  ;  and  (2)  those  witliout  such 
excess. — 1.  In  some  cases  throughout,  and  in  all  the 
earlier  stages,  the  symptoms  are  slight  and  the  general 
health  is  but  little  interfered  with.  Low  spirits,  melan- 
choly aspect,  and  dingy  hue  of  face,  nervous  suscepti- 
bility, irritable  temper,  dyspeptic  feelings,  emaciation, 
loss  of  virile  power,  pain  or  sense  of  weight  in  the  loins, 
and  the  eruption  of  minute  boils,  are  some  of  the  symp- 
toms which  attend  this  form  of  the  disease  in  more 
aggi'avated  cases.  The  2nd  class  of  cases  are  often  con- 
nected with  dyspepsia  and  over-wrought  brain,  and  has 
been  found  very  frequently,  with  the  accompaniment  of 
irritable  bladders,  in  members  of  the  legal  profession. 
Chronic  diseases  of  the  respiratory  organs  also  often 
produce  oxaluria ;  the  oxidation  of  the  carbon,  as  Leh- 
mann  suggests,  being  thrown  upon  the  kidney,  and  oxalic 
acid  (C2  O3)  being  formed  instead  of  carbonic  acid 
( CO2).  Nitric  and  nitro-hjdrochloric  acids,  sulphate  of 
zinc,  iron,  colchicum,  due  proportion  of  vegetable  food, 
and  attention  to  the  action  of  the  skin,  are  the  chief  cura- 
tive agents,  and  they  have  proved  very  successful. 

III.  Calculi  are  very  various,  but  may  be  identified 
by  physical  and  blowpipe  characters,  which  are  here 
tabulated : 
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Composition. 


Uric  Acid. 

Urate  of  Ammonia. 
NH^  0, 

N4  Oe 
Cystin. 

C,  He  NO^  S, 


Xanthin. 

H,  N,  0, 

Urostealith 


Phosphate  of  Lime. 
8  Ca.  0,  3  PO5 


Triple  Phosphate. 
2  Mg  0,  NH^  0, 
HO  PO, 


Fusible. 

Mixture  of  two  pre- 
ceding. 

Oxalate  of  Lime. 
Ca.  0,  O3 


Size  and  Form. 


Large ;  ovoid,  having 
facettes  when  nu- 
merous. 

Small;  spheroid. 


Moderate ;  oval  ob- 
long. 

Moderate;  ovoid. 


Moderate ;  ovoid. 


Moderate  ;  spheroid. 


Large;  ovoid. 


Very  large ;  irregular. 


Moderate;  spheroid. 


Colour  and  Densit 


Reddish  browi 
dense,  frangibl 
sp.  gr.  about  l-50i 

Clay  or  slate-colore* 
sp.  gr.  about  1*42 

Greenish  or  tawr 
yellow ;  waxy  coa 
sistence. 

Cinnamon- colored ; : 
hard. 

Dark  brown;  elastt 
or  soft  and  waxv* 


Greyish  white 
brown ;  compactv 


Nearly  white ;  friaW 


Quite  white;  leaw 
chalky  streak ; 
gr.  about  1"300. 

Brown,  olive  gr* 
or  purpUsh;  v(f 
dense,  sp.  gr.  abcM 
1-700. 
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Surface. 


External. 


imooth. 


inely  tu- 
jercular, 

ubercular 
sharp 
jrojections 
esinous 
ustre  -when 
•ubbed. 


Porcellane- 
ous. 


Uneven — 
itudded 
vith  crys- 
als. 


ough, 
pongy. 

ugged, 
pinous, 
Qulberry- 
ike. 


Internal. 


Polished ; 
concentric. 

Thin  con- 
centric 
layers. 

Radiated. 


Laminated. 


Laminae 
easily  se- 
parated. 


Crystalline 
or  earthy. 


Indistinct 
layers. 

Laminae 
Uke  agate 
or  fortifi. 
cation ;  po- 
lished. 


Fracture. 


Crystalline. 

Earthy. 

Lustrous. 


Brown  and 
white 
mixed. 


Conchoidal. 


Crystalline 
or  earthy. 


Earthy. 
SpUntery. 


Blowpipe  Characters. 


0 

o 


3 


With  odour  of  burnt 
bone  and  hydrocy- 
anic acid. 

"With  ammoniacal 
odour,  and  decrepi- 
tating 

With  odour  of  sulphu- 
ret  of  carbon,  and 
blue  faint  flame. 

With  pecuhar  fetid 
odour;  splits  into 
fragments. 

With  odour  of  per- 
fumed sheU-lac, 
and  bright  yellow 
flame,  and  leaving 
voluminous  coal. 

Fuses  byintense  heat, 
residue  not  alka- 
line, soluble  in  ni- 
tric orhydi-ochloric 
acids. 

Fuses  with  difiiculty, 
evolving  ammonia, 
residue  not  alka- 
line, soluble  in  ni- 
tric or  hydrochloric 
acids. 

Fuses  readily  into  a 
white  bead. 

Infusible,  blackens, 
expands ;  white  re- 
sidue, soluble  in 
acids  with  efi^erves- 
cence,  or  after 
strong  ignition 
without  efferves- 
cence, but  alkahne. 
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Many  of  the  chemical  features  of  the  substances  which 
compose  these  calculi  have  been  before  described.  Their 
relative  frequency  is  shown  by  Dr.  Bird's  catalogue  of 
those  in  Guy's  Hospital.  In  353,  of  which  sections  and 
analyses  were  made,  the  nucleus  was  composed  of  uric 
acid,  250  ;  oxalate  of  lime,  47;  urates,  19  ;  fusible,  19  ; 
cystin,  11 ;  phosphate  of  lime,  2  ;  xanthin,  1  ;  triple 
phosphate,  1  ;  and  3  were  mixed  without  lamination. 
A  still  rarer  calculus,  urostealith,  was  discovered  by 
Heller ;  and  Br.  W.  D.  Moore  has  examined  the  only 
other  specimens  which  have  been  found.  They  occurred 
in  a  patient  of  Mr.  Robert  Adams'.  In  Heller's  case  treat- 
ment was  very  successful,  carbonate  of  soda  having 
wrought  a  complete  cure,  probably  by  saponifying  the 
fat. 

As  closely  connected  with  the  physiological  action  of 
the  kidney,  and  constituting  our  chief  means  of  cure  in 
its  abnormal  conditions,  a  few  words  on  the  action  of 
diuretics  may  not  be  out  of  place.  Eeference  may  be 
also  made  to  the  chapter  on  "  Absorption."  All  sub- 
stances which  pass  to  the  kidneys  must  be  absorbed, 
having  been  previously  in  solution,  or  been  dissolved  in 
the  alimentary  fluids.  All  solids,  however  finely  divided, 
and  organic  particles,  as  those  of  pus,  are  refused  ad- 
mission through  the  coats  of  the  blood-vessels  or  lym- 
phatics, which  at  once  absorb  fluids,  and  if  placed  di- 
rectly in  the  blood,  cannot  be  thrown  ofl"  by  the  kid- 
neys. The  next  condition  is,  that  substances  should  be 
freely  diluted,  as,  if  their  specific  gravity  is  over  that 
of  the  serum  of  the  blood  (1*026),  according  to  the  law 
of  osmose  that  fluid  will  ooze  out,  instead  of  the  dis- 
solved substance  being  absorbed.  Catharsis,  by  a  large 
concentrated  dose,  and  diuresis,  by  a  small  and  diluted 
quantity  of  a  neutral  salt,  are  thus  explained.  Dr.  Bird 
advises  that  the  proportion  of  a  diuretic  salt  should 
be  always  under  5  per  cent.  Even  with  the  foregoing 
conditions  complied  with,  there  are  some  bodies  which 
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do  not  pass  into  urine,  but  select  some  other  surface  for 
elimination — such  are  alcohol,  ether,  &c. 

Other  substances  undergo  chemical  change — thus,  fer- 
rid- cyanide  of  potassium  appears  as  ferrocyanide,  tannic 
acid  as  gallic,  benzoic  and  cinnamic  acids  as  hippuric, 
and  the  salts  of  the  vegetable  acids,  citrates,  acetates, 
tartrates,  &c.,  ai'e  converted  into  carbonates — a  fact  we 
often  take  advantage  of  when,  in  treating  disease,  we 
wish  to  render  the  urine  alkaline.  Thein,  and  some 
such  nitrogenous  bodies,  appear  as  urea  ;  whereas  qui- 
nine, daturine,  and  some  others,  pass  unchanged.  Dr. 
Bird  cites,  as  a  good  example  of  a  poison  passing  directly 
into  the  urine,  the  amanita  muscaria — so  that  a  number 
of  men  produce  intoxication  by  taking  this  fungus,  and 
again  produce  the  same  effect  by  drinking  the  urine  into 
which  the  poison  has  passed.  Many  colouring  matters — 
as  those  of  maddar,  beetroot,  logwood,  bilberries,  rhu- 
barb, and  senna — pass  into  urine,  staining  it  a  red 
colour,  the  two  latter  being  especially  apt  to  be  mistaken 
for  blood,  but  distinguished  by  turning  yellow  when 
sulphuric  acid  is  poured  into  urine  containing  them  ; 
whereas  blood  becomes  of  a  brown  colour.  Urea  is 
said  to  be  highly  diuretic,  and  has  been  administered 
with  such  object,  yet  it  is  retained  in  the  blood  in  cases 
when  the  uriniferous  tubes  are  obstructed.  The  action 
of  diuretics  is  much  controlled  by  the  state  of  the  skin, 
so  that  by  keeping  its  temperature  low,  or  raising  its 
heat,  we  have  the  power  of  aiding  or  checking  their 
power,  and  of  making  a  dose  of  a  given  substance  act  as 
a  diuretic  or  diaphoretic. 

Dr.  Barlow  has  stated  the  remarkable  fact,  that  if  there 
beany  obstruction  in  the  course  of  the  bowels,  the  amount 
of  urine  will  be  lessened  in  proportion  to  the  distance 
of  the  obstruction  from  the  pylorus,  thus  giving  some 
diagnostic  aid  in  fixing  its  exact  situation.  Any  ob- 
structive disease  affecting  the  circulation  between  the 
vena  porta,  by  which  diuretics  are  absorbed,  and  the 
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renal  artery,  from  which  they  are  excreted,  will  hinder 
their  action.  The  expediency  of  combining  mercm-y  to 
stimulate  and  relieve  engorgement  of  the  liver,  and  digi- 
talis to  control  cardiac  action,  with  diuretics,  such  as 
squills,  has  been  always  acknowledged  since  Dr.  Baillie's 
time,  and  is  explained  on  the  above  principle.  From 
some  recent  experiments  it  would  appear  that  colchicum 
is  almost  the  only  drug  which  materially  increases  the 
solids  of  the  urine,  broom,  squills,  water  (which  is  a  di- 
uretic not  to  be  despised)  merely  increasing  the  amount 
of  water.  The  alkalies  and  their  salts,  with  vegetable 
acids,  may  be  looked  on  as  "  renal  depurants,"  as  they 
produce  and  excrete  in  increased  quantity  nitrogenized 
matters.  Their  condition  of  "nascent  carbonate," 
when  the  vegetable  salt  is  being  decomposed,  seems  to 
augment  their  chemical  power.  From  such  considera- 
tions may  be  strongly  advised  the  administration  of  ace- 
tate, tartrate,  or  citrate  of  potash  in  ague,  acute  rheuma- 
tism, and  some  other  blood  diseases.  Impressed  with  its 
high  oxidising  power  I  have  depended  more  on  chlorate 
of  potash — {Medical  Press,  Feb.,  1864.) 

QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  How  would  you  know  any  given  fluid  was  urine  ? 

2.  How  much  urine  is  passed  daily,  and  what  is  the  amount  of 
its  largest  solid  constituent  ? 

3.  Say  what  you  know  of  urea. 

4.  Describe  the  physical  characters  of  diabetic  urine,  and  the 
eifects  of  yeast  upon  it. 

5.  Wliat  are  the  usual  organized  sediments  found  in  urine  ? 

6.  Arrange  urinaiy  calculi  in  the  order  of  their  frequency,  men- 
tioning any  chemical  or  physical  characters  of  each  you  may  re- 
member. 

SENIOR. 

1.  To  what  has  the  acidity  of  urine  been  attributed  ?  What  nor- 
mal circumstances  alter  the  characters  of  that  secretion  ? 

2.  "What  are  the  nitrogenous  and  the  fixed  saline  matters  in 
urine  ? 
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3.  What  diseases  alter  the  quantity  of  urea  excreted  ? 

4.  Describe  fully  the  methods  of  conducting  two  of  the  most 
accurate  tests  for  sugar  in  \irine. 

5.  Compare  the  various  casts  wliich  are  found  in  abnormal 
urine. 

6.  Describe  the  microscopical  features  of  the  sediment  which 
occurs  in  oxaluria. 


THE  DUCTLESS  GLANDS. 
The  ductless  glands  may  be  here  conveniently  described, 
as  they  have  most  relation  to  the  great  function  of  nutri- 
tion. They  are  the  spleen,  suprarenal  capsules,  thy- 
mus, thyroid,  and  perhaps  the  pineal,  pituitary,  and  Pac- 
chionian bodies.  They  agree  in  the  absence  of  any 
excretory  duct,  in  being  composed  of  cells,  and  in  being 
copiously  supplied  by  blood,  the  composition  of  which 
they  seem  to  influence  ;  hence  they  are  often  called  vas- 
cular glands. 

The  Spleen  is  an  oval,  smooth,  dark-red  body  of  a 
most  variable  size,  decreasing  to  one-half  in  old  age, 
and  changing  with  the  state  of  the  nutritive  and  digestive 
functions,  being  largest  12  hours  after  feeding,  according 
to  Gray.    The  peritoneum,  continued  from  the  stomach 
round  vessels,  envelops  it  very  completely,  but  is  often 
wrinkled  when  the  organ  is  shrunken.    There  is  also  a 
firm,  yet  distensible  fibrous  capsule,  showing  no  muscu- 
lar tissue  in  man,  but  it  may  be  seen  in  many  animals, 
as  dog,  cat,  pig,  ass,  &c.  In  most  herbivora  it  is  elastic, 
not  muscular.    This  capsule  dips  in  at  the  hilus,  en- 
sheathing  the  vessels  like  the  vaginal  processes  of  Glisson's 
capsule,  and  forming  trabeculse,  which  intersect  the  organ 
into  spaces  opening  freely  into  each  other.    The  trabe- 
culse are  felt  if  the  finger  is  thrust  into  the  friable 
interior,  or  are  well  seen  by  washing  the  substance 
thoroughly.    The  muscular  tissue  in  the  trabeculte  of 
some  animals  cannot  be  stimulated  by  galvanism. 
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The  soft  matter  which  fills  the  interior  is  called  the 
pulp.  It  contains  very  many  cells,  like  the  white  blood 
cells,  but  very  variable  in  size  and  number,  according  to 
the  quantity  and  quality  of  food  previously  taken.  Red 
blood-cells  are  also  present,  giving  the  spleen  its  colour, 
but  they  are  irregular,  shrunken,  or  disintegi-ated,  and 
several  are  sometimes  grouped  together  by  an  investing 
membrane,  and  afterwards  dissolved.  In  the  fresh  spleen 
of  man,  many  mammals,  birds,  and  some  reptiles,  there 
are  oval  corpuscles,  named  Malpighian  from  their  dis- 
coverer. They  are  about  55  in  diameter,  and  contain 
many  small  cells,  and  an  occasional  blood-cell.  Other 
blood-cells  occur  in  the  parenchyma,  cluster  together  in 
a  peculiar  manner,  or  which  are  merely  those  of  stag- 
nated blood,  according  to  Sanders.  The  Malpighian 
corpuscles  lie  in  the  divisions  of  small  arteries,  which 
send  capillaries  as  a  plexus  round  them,  or  into  their 
interior,  as  in  Peyer's  glands,  observed  by  Biisk  and 
Sanders.  There  is  one  in  about  every  cubic  line  of  the 
spleen,  but  they  increase  much  in  number  and  size  after 
a  full  diet,  especially  if  albuminous. 


One  of  the  Spleen  Cells,  sliowing  itt  relation  to  blood  oetselt. 
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The  splenic  artery  is  larger  in  proportion  to  the  size 
of  its  organ  than  any  other,  save  the  thyroids.  It  bifur- 
cates so  freely  as  to  produce  a  tuft  like,  as  Midler  said, 
a  camel-hair  pencil,  but  branched  more  like  the  umbel 
of  aniseed  or  hemlock.  The  vein  is  still  larger,  and  the 
spleen  can  be  more  readily  injected  from  it,  valves  being 
absent.  It  joins  the  mesenteric  veins,  and  so  forms  the 
porta.  Gray  found  its  radicles  to  begin — (1)  by  capil- 
laries ;  (2)  as  a  vascular  capsule  round  the  Malpighian 
bodies  ;  and  (3)  in  the  interspaces  between  the  trabeculae. 
These  vessels  and  a  Malpighian  cell  are  depicted  on  the 
foregoing  page.  Its  blood  differs  from  other  blood  in 
having  much  less  solid  matter — even  but  half  the  quan- 
tity of  cells ;  but  Gray  states  the  albumen  and  fibrin  are 
increased.    The  serum  has  often  a  reddish  tinge. 

The  use  of  the  Spleen  is  not  yet  positively  deter- 
mined. From  its  spongy  distensible  nature,  its  increase 
during  digestion,  and  in  diseases  where  the  cutaneous  or 
other  cii-culation  is  diminished,  as  in  ague  and  cirrhosis 
of  liver,  and  gradual  decrease  during  hematemesis,  it 
has  been  regarded  as  a  temporary  reservoir  or  diverti- 
culum for  the  blood  of  the  chylo-poietic  viscera,  as  sug- 
gested by  Stukely.  It  has  been  found  to  weigh  20  It)  in 
ague.  From  the  shrunken  state  of  the  blood-cells, 
Kolliker  stated,  in  1847,  that  they  were  broken  up  and 
destroyed  after  being  clustered  in  groups.  In  1854, 
however,  he  acknowledged  that  he  could  not  regard  this 
as  the  normal  or  exclusive  function  of  the  spleen,  as  he 
found  such  cells  in  the  liver  and  peritoneum  of  fishes, 
and  in  clots  of  effused  blood,  and  they  cannot  be  seen  at 
all  m  many  animals.  Their  haematin  was  supposed  to 
be  discharged  as  the  colouring  matter  of  the  bile,  which, 
however,  appears  in  the  chick  before  the  splenic  vessels 
are  discernable.  The  diminution  of  the  red  cells  in  the 
splenic  vein  favoured  this  theory.  Hewson  long  ago  be- 
lieved that  the  spleen,  with  the  aid  of  thymus,  made  the 
blood-cells,  and  the  opinion  is  supported  by  Virchow  and 
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Hughes  Bennett.  Its  blood-making  function  is  probable 
from  the  great  quantity  it  receives,  and  its  free  supply 
round  the  Malpighian  bodies,  where  some  active  cell- 
change  is  going  on.  They  cannot  purify  the  blood  by  re- 
moving any  hurtful  matter,  nor  make  any  useful  secretion, 
as  no  excretory  duct,  even  a  lymphatic,  has  been  found 
leading  from  them.  Whatever  these  bodies  elaborate  is 
thrown  into  the  circulation.  It  is  remarkable  that  Mal- 
pighi  shadowed  forth  these  opinions  when  he  called  the 
corpuscles  he  discovered  secreting  glands.  Gray  regards 
the  organ  as  regulating  the  quantity  as  well  as  quality 
of  the  circulating  fluid.  From  the  superabundance  of 
albuminous  over  fatty  or  hydro-carbonaceous  material,  it 
seems  to  have  little  connexion  with  the  respiratory  func- 
tion. In  leucaemia  we  shall  find  that  the  spleen  or 
thyroid  is  much  hypertrophied,  another  fact  supporting 
the  above  view.  The  spleen  receives  albumen  freely 
from  the  stomach  during  digestion. 

Tying  the  porta  has  been  said  to  increase  the  spleen 
10  times.  The  organ  has  been  often  removed  from  ani- 
mals, when,  if  fed  freely,  they  are  said  to  die  of  apoplexy. 
Their  appetite  is  said  to  become  awfully  ravenous,  and 
their  temper  most  irritable  and  ferocious.  It  was  stated 
that  rabbits,  rendered  tuberculous  by  confinement  in 
close,  dark  places,  were  restored  to  health  after  extfr- 
pating  the  spleen.  I  must  mention,  however,  that  the- 
white  specks  found  in  the  lungs  of  cooped  animals,  are 
said  by  some  microscopists  to  be  cysticerci.  If  they  be 
tubercle  or  any  other  product  of  white  cells,  the  experi- 
ment I  have  mentioned  explains  the  function  of  the 
spleen.  Animals  will  live  after  removal  of  the  spleen, 
both  the  suprarenals  and  the  thyroid. 

The  Suprarenal  Capsules  are  shaped  like  cocked- 
hats,  and  lie  in  areolar  tissue  above  the  kidneys.  They 
are  formed  beside  the  Wolffian  bodies,  and  inci'ease  for  • 
about  a  year  after  birth.    A  section  shows  a  cortical  t 
structure,  very  vascular,  and  composed  of  large  cells, . 
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separated  by  septa  sent  in  from  the  fibrous  covering,  and 
a  medullary  portion  made  up  of  areolar  tissue,  and  many 
pale  cells,  some  like  those  of  grey  neurine.  _  A  cavity 
filled  with  brownish,  grumous  matter  often  exists.  The 
suprarenal  body  is  supplied  by  many  filaments  of  the 
sympathetic  and  pneumogastric  nerves,  Kdlliker  having 
counted  33  entering  into  one.  From  this  fact  it  has  been 
supposed  these  bodies  have  some  nervous  function,  the 
only  guess  made  as  to  their  use.  Injury  of  the  dorsal 
portion  of  the  spinal  cord  congests  and  hypertrophies 
these  bodies.  There  has  been  discovered  in  the  watery 
solution  of  their  cortex  a  substance  of  a  lovely  rose  tint, 
which  turns  green  with  per-salts  of  iron  ;  and  leucin  also 
exists.  Addison  maintained  that  a  brown  colour  of  the 
skin  often  accompanies  morbid  alterations  of  these  organs. 

The  Thymus  has  often  been  supposed  to  be  connected 
in  some  way  with  the  last- described  bodies,  as  they  occur 
about  the  same  period  of  life.  It  has  two  lobes,  which 
lie  in  the  anterior  mediastinum,  rising  often  into  the  neck. 
Its  arteries  are  large,  and  the  veins  form  a  plexus,  in 
common  with  those  of  the  thyroid,  in  front  of  the  tra- 
chea. Its  very  abundant  lymphatics  open  into  the  cava, 
and  convey  into  the  blood  the  nume- 
rous white-cells  the  gland  is  constantly 
generating.  Sir  A.  Cooper  and  Simon 
have  shown  that  it  consists  of  a  duct 
much  convoluted  and  branched,  and 
cells  filled  with  a  finely  granular  mat- 
ter. Simon  thinks  this  body  forms 
some  protein  compound,  and  calls  it 
"  a  sinking  fund  in  the  service  of  res- 
piratipn  ;"  but  when  other  glands  ap- 
pear it  diminishes,  and  disappears  be- 
tween the  8th  and  12th  years,  or 

continuing  till  the  20th,  according  to  One  ojltl^ral Lobe, 

Kdlliker.     It  has  been  found  almost 
entirely  wasted  in  over-driven  lambs 

16 


<if  the  Thymus,  with 
its 

rolled 


its  upper  portion  un- 
"ed. 
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The  fact  of  an  enormous  fatty  mass,  probably  the  thy- 
mus, being  developed  behind  the  sternum  of  hybernating 
animals  just  before  the  torpid  state,  has  induced  some 
to  connect  this  body  with  the  calorific  function.  It  can 
have  no  relation  to  lactation,  as  it  is  found  in  birds  and 
reptiles.  Animals  are  said  to  become  very  voracious 
when  it  is  extirpated. 

The  Thyroid  is  an  extremely  vascular  body,  its  arteries 
being  nearly  as  large  as  those  of  the  brain,  which  is  30 
times  its  weight.  It  consists  of  two  lobes,  joined  by  an 
isthmus  across  the  2nd,  3rd,  and  4th  rings  of  trachea, 
occasionally  behind  them,  or  sometimes  entirely  absent. 
It  has  a  fibrous  capsule,  and  some  muscular  fibres  from 


Ce'.h,  Lobules,  and  Areolar  TraheadeB  of  Thyroid . 

the  sterno-thyroid, which  Soemmering  named  the  "levator- 
glandule  thyroidei."    As  above  figured,  the  thyroid 
composed  of  shut  cells  or  vesicles,  between  is  and  a  o»_ir:' 
diameter,  grouped  into  lobules  connected  by  areolar  tis-- 
sue.    The  vesicles  have  a  structureless  wall,  lined  byv 
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epithelial  cells,  and  contain  a  yellowish,  viscid,  and 
highly  albuminous  fluid.  In  goitre,  the  most  common 
pathological  state  of  this  body,  the  cells  are  enlarged 
and  contain  a  colloid  substance.    Beale  gives  the  follow- 


The  thyroid  is  somewhat  relatively  larger  in  foetal 
life.  Simon  assigns  as  a  use  that  it  may  act  as  a  diver- 
ticulum to  the  cerebral  circulation,  holding  the  materials 
of  nutrition  for  the  brain  during  its  inactive  state,  its 
size  increasing  much  dm'ing  sleep.  This  view  is  rather 
improbable,  as  the  arteries  do  not  come  from  those  going 
to  the  brain,  but  from  the  external  carotid  and  thyroid 
axis  of  subclavian,  after  giving  off  the  vertebral.  The 
fullness  of  the  cranial  circulation  and  prominence  of  the 
eye-balls,  as  noticed  by  Graves,  Stokes,  and  others,  in  cases 
of  goitre,  hence  called  exophthalmic,  support  this  theory. 
Dr.  Stokes  states  the  enlargement  is  due  to  increased 
power  of  the  heart  sending  more  blood  into  the  thyroid, 
and  the  prominence  of  the  eye-balls,  which  is  sometimes 
so  great  that  the  patient  sleeps  with  the  eye-balls  thrust 
out  between  the  lids,  to  increase  of  the  aqueous  and 
vitreous  humours.  Sir  A.  Carlisle  believed  its  function 
was  to  keep  an  equable  heat  about  the  larynx — hence  its 
hypertrophy  in  cold  climates.  It  was  also  once  regarded 
as  a  sounding-board  for  the  larynx ;  but,  as  a  most  in- 
telligent late  pupil  of  mine.  Dr.  Floyd,  suggests,  it  would 
rather  muffle  the  voice,  and  prevent  its  loss  towards 
the  chest.  The  gland  is  large  in  females,  especially 
if  the  catamenia  are  deficient;  and  its  hypertrophied 
condition,  bronchocele,  has  been  assigned  to  many  cir- 
cumstances, such  as  soil,  cHmate,  food,  drink,  &c. — as 
I  have  mentioned  in  my    Lectures  on  Public  Health." 


ing  analysis  of  the  whole  mass  : 
Water   


70-60 
26-364 
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NUTRITION. 

The  Pineal  Gland  is  placed  amidst  nervous  masses, 
and  seems  to  have  some  resemblance  to  them.  It 
consists  of  tubules,  nucleated  vesicles,  and  brain  sand, 
composed  of  phosphate  and  carbonate  of  lime,  which 
is  not  developed  till  seven  years  of  age.  The  habense 
are  thought  to  establish  some  nervous  connexion,  but 
we  are  as  ignorant  of  its  use  as  when  Descartes  guessed 
it  to  be  the  seat  of  the  soul. 

The  Pituitary  Body  is  composed  of  gland-like  vesi- 
cles and  abundant  capillaries.  Luschka  believes  it 
quite  analogous  to  a  structure  he  has  discovered  at  the 
other  extremity  of  the  cranio-spinal  axis,  "the  coccygeal 
gland  ;"  and  he  regards  these  two,  and  the  suprarenal 
capsules,  "  nerve-glands"  of  the  sympathetic. 

The  Pacchionian  Bodies  are  probably  hypertrophied 
villi  of  the  arachnoid  membrane,  developed  where  that 
membrane  is  exposed  to  much  friction  or  stretching, 
consequent  on  the  respiratory  and  cii'culatory  move- 
ments of  the  brain. 


Nutrition,  which  we  shall  now  very  briefly  review, 
is  a  great  formative  operation,  to  which  all  the  processes 
we  have  hitherto  described  are  but  accessory.  Its  offices  ■ 
are  development,  growth,  and  maintenance.    All  parts, , 
in  performing  their  function,  undergo  destruction,  and  i 
the  rate  of  this  "  wear  and  tear"  is  proportional  to  their  • 
functional  activity.    Thus,  every  muscular  contraction, , 
even  so  slight  as  those  by  which  I  write,  produces  the  ■ 
elements  of  the  destruction  of  muscle,  viz.,  urea,  water,, 
and  carbonic  acid ;  and  every  mental  act  leads  to  des- 
truction of  the  nervous  matter  of  the  brain,  the  phos- 
phorus of  which  is  excreted  mainly  as  the  phosphates  • 
in  urine.    Mr.  Paget  states  four  conditions  are  requi- 
site for  healthy  nutrition :  1,  a  right  state  of  the  blood; : 
)    2,  a  regular  supply  of  it ;  3,  a  certain  influence  of  the 
nervous  system;  and,  4,  a  normal  state  of  the  part  to 
be  maintained.    1.  The  blood  contains,  either  in  a  crude 
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or  prepared  state,  all  the  matters  which  each  tissue 
attracts  and  appropriates ;  and  as  Treviranus  well  ex- 
pressed it,  "each  single  part  of  the  hody,  in  respect  of 
its  nutrition,  stands  to  the  whole  bod}'  in  the  relation  of 
a  secreted  substance."  This  law  explains  the  presence 
of  many  parts  otherwise  apparently  useless  ;  but  they 
withdi'aw  from  the  blood  matters  whose  retention  would 
be  injurious.  One  organ  or  tissue  is  complemental  to  the 
others.  Either  albumen  or  fibrin,  or  both,  are  the  main 
nutritive  matters.  The  white  cells,  too,  as  has  been 
stated,  seem  concerned  in  the  process  ;  but  the  red  cells, 
from  not  agreeing  in  size  with  those  of  any  tissue,  are 
not  directly  engaged  in  tissue- forming,  but  rather  carry 
oxygen  for  their  activity  and  subsequent  destruction. 
2.  Every  surgeon  must  have  seen  the  effect  of  a  dimin- 
ished supply  of  blood  in  producing  want  of  nutrition  and 
gangrene  in  a  limb  ;  and  Hunter  s  experiments  of  trans- 
planting cock's  spurs  to  their  combs,  where  they  increased 
enormously,  show  the  effect  of  an  augmented  supply  of 
blood.  3.  As  nutrition  goes  on  in  plants,  in  animals 
before  their  nervous  system  is  developed,  and  in  acepha- 
lous foetuses,  its  influence  over  the  process  has  been 
denied.  It  is,  however,  proved,  for  instance,  by  the 
sloughing  of  the  cornea  which  follows  division  of  the 
trifacial  nerve,  especially  beyond  the  Casserian  ganglion, 
an  effect  which  seems  to  show  that  this  regulating  power 
rather  belongs  to  the  sympathetic.  In  many  inverte- 
brates, too,  the  presence  and  size  of  ganglia,  and  certain 
organs,  correspond— as  likewise  their  changes  during 
metamorphosis.  4.  A  healthy  condition  of  the  part  is 
evidently  necessary  to  produce  new  additions  of  similar 
inatter  ;  and  even  in  disease,  as  shall  be  afterwards  no- 
ticed, the  special  condition  of  the  part  keeps  up  a  modi- 
fied nutrition,  producing  similar  structures.  It  has 
been  objected  that  complete  molecular  changes  cannot 
occur  m  such  organs  as  the  brain,  which  stores  up  im- 
pressions made  upon  it  many  years  before ;  but  Prof. 
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.Paget,  in  his  classical  lectures  on  Surgical  Pathology, 
eloquently  says  :  "  The  answer  is,  because  of  the  exact- 
ness of  assimilation  accomplished  in  the  formative  pro- 
cess :  the  effect  once  produced  by  an  impression  upon 
the  brain,  whether  in  perception  or  in  intellectual  act,  is 
fixed  and  there  retained ;  because  the  part,  be  it  what  it 
may,  which  has  been  thereby  changed,  is  exactly  repre- 
sented in  the  part  which,  in  the  course  of  nutrition,  suc- 
ceeds to  it.  Thus,  in  the  recollection  of  sensuous  things, 
the  mind  refers  to  a  brain  in  which  are  retained  the 
effects,  or  rather  the  likenesses  of  changes  that  past  im- 
pressions and  intellectual  acts  had  made.  As,  in  some 
way  passing  far  our  knowledge,  the  mind  perceived  and 
took  cognizance  of  the  changes  made  by  the  first  impres- 
sion of  an  object  acting  through  the  sense-organs  on  the 
brain ;  so,  afterwards,  it  perceives  and  recognizes  the 
likeness  of  that  change  in  the  parts  inserted  in  the  pro- 
cess of  nutrition.  Yet  here  also  the  tendency  to  revert 
to  the  former  condition,  or  to  change  with  advancing 
years,  may  interfere.  The  impress  may  be  gi-adually 
lost  or  superseded,  and  the  mind,  in  its  own  immortal 
nature  unchanged  and  immutable  by  anything  of  earth, 
no  longer  finds  in  the  brain  the  traces  of  the  past." 
Growth  differs  from  nutrition  in  there  occuning,  besides 
the  renewal  of  destroyed  tissue,  the  addition  of  more 
material,  which  increases  the  size,  weight,  and  function 
of  the  part.  It  is  but  a  difference  of  degree.  Growth 
does  not  always  cease  with  the  apparent  maturity  of  the 
body,  as  the  heart  and  arteries  enlarge  even  to  hale  old 
age,  increased  propelling  force  being  then  required  owing 
to  the  rigidity  of  tissues.  The  controlling  influence  of 
the  nervous  system  and  the  modifying  effects  of  disease 
will  be  hereafter  considered. 

QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  Enumerate  the  ductless  or  vascular  glands. 

2.  Describe  the  capsule  of  the  spleen  and  its  processes. 
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3.  Sketch  the  position,  structure,  and  supposed  functions  of  the 
supraj-enals. 

4.  What  uses  have  heen  attributed  to  the  thyroid  body  ? 

5.  Wliich  of  the  ductless  glands  are  most  like  nervous  matter  ? 

SENIOR. 

1.  Describe  the  spleen-cells  and  their  surrounding  vessels. 

2.  What  facts  respectively  support  the  theories  that  the  spleen 
is  a  blood-reservoir  and  a  cell-former  ? 

3.  What  effects  on  the  lungs  of  an  animal  does  close  confinement 
produce,  and  how  have  they  been  removed  ? 

4.  Compare  the  structures  of  the  thymus  and  thyroid. 

5.  What  are  the  requu-ements  for  healthy  nutiition  according  to 
Paget  ? 


INNERVATION. 

Animals  are  most  plainly  distinguished  from  the  other 
division  of  the  organic  world  by  a  function  which  con- 
trols all  other  physiological  processes,  by  conveying  im- 
pressions to,  or  from,  nervous  centres  along  conductors 
we  term  nerves. 

Neurine,  or  nervous  matter,  is  the  agent  employed  in 
this  mysterious  function.  It  is  a  white  or  grey  opaque 
and  soft  substance,  mechanically  supported  by  areolar 
tissue  or  blood-vessels.  The  specific  gravity  of  that  of 
the  brain  is  1-039.  Its  composition  varies  at  different 
periods,  as  will  be  seen  by  the  following  analyses  of  the 
brain  : 


Infants. 

Adults. 

Old  Men. 

Idiots. 

82.79 

72-51 

73-85 

70-93 

7-00 

9-40 

8-65 

8-40 

Cerebral  fat  

3-45 

6-10 

4-32 

5-00 

Osmazome  and  salts. 

6-96 

10-19 

12-18 

14-82 

0-80 

1-80 

1-00 

0-85 

100-00 

100-00 

100-00 

100-00 

The  fatty  substances  are,  besides  olein,  margarin,  and 
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cliolesterin,  cerebric  and  oleophosphoric  acids,  discovered 
by  Fremy,  and  which  exist  in  combination  with  soda, 
like  a  soap.  The  phosphorus  is  chiefly  united  with  the 
latter  acid,  and  seems  to  be  proportional  to  the  activity 
of  nervous  function,  during  the  exercise  of  which  it  is 
oxidised  and  excreted  as  phosphates  in  the  urine. 

Nervous  matter  is  of  two  kinds,  readily  distinguished 
by  colour,  the  grey  and  white,  and  still  better  identified 
as  the  vesicular  and  the  tubular  by  the  microscope. 

Vesicular  Neurine  covers  the  surface  of  the  brain — 
hence  the  ill-applied  term  of  cortical— but  lies  in  the 
substance  of  the  spinal  cord  and  gangKa.  It  is  softer 
and  more  vascular  than  white  neui'ine,  containing  more 

water  and  less  fat.  The  ve- 
sicles are  large,  contain  a 
nucleus,  which  is  also  cel- 
lular, possessing  a  bright  nu- 
cleolus, and  much  pigmentary 
granular  matter,  which,  with 
that  between  the  vesicles, 
gives  the  characteristic  dark 
grey  tint.  They  are  ovoid  or 
spheroid  in  the  sympathetic 
ganglia,  and  stellate  or  cau- 
date in  the  corebro- spinal 
centres,  the  largest  specimens 
occurring  in  the  locus  niger  of 
the  crus  cerebri.  It  is  pro- 
bable, but  can  be  hardly  re- 
garded as  certain,  that  these 
caudate  projections  are  con- 
tinued into  the  nerve-tube. 
Such  is  figured  by  Kolliker, 
stellate  Cerebro-  after  a  drawing  by  the  Mar- 
spinai  Nerve.  ^^^.^  Corff,  and  the  Continuity 

may  be  demonstrated  in  the  ventral  ganglion  of  the  leech. 
Owsjannikoiv  asserts  that  the  cells  in  the  spinal  cord  are 


Ovmd  Sympathe- 
tic Nerve-Cell. 
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Cylindri- 
cal nerve 
tube. 

trans- 


Ijipolar,  sending  one  into  the  motor  root,  the  other  into 
the  sensitive.  _  i 

Nerve-tubes  are  of  two  kinds,  gela- 
tinous and  cylindrical— here  figured. 
The  first,  so  named  by  Henle,  occur  in 
the  sympathetic  and  special  sense 
nerves.  They  are  grey,  the  white  mat- 
ter with  which  the  next  kind  is  coated 
being  absent.  Oval  nuclei  give  them  a 
varicose  outline,  and  they  much  resem- 
ble unstriped  muscular  fibres  ;  their 
diameter  averages  i^os. 

2.  Cylindrical  nerve-tubes  form  the 
great  mass  of  the  white  substance  of 
the  brain,  spinal   cord,  and  nerves. 
They  are  placed  parallel,  and  in  nerves  I 
are  connected  by  areolar  tissue.    Their  '  I 

average  width  is  tt^.  With  a  high  power  and 
mitted  light,  three  cylinders  can  be  seen  to  constitute 
the  tube  : — 1.  A  homogeneous  membrane,  analogous  to 
myolemma,  and  to  it  the  term  neurilemma  (which  is 
now  applied  to  the  connecting  areolar  tissue  of  a  nerve) 
appears  suitable.  2.  The  white  substance  of  Schivann, 
an  opaque  tube,  defined  by  an  inner  and  outer  dark 
boundary  line.  3.  The  rest  of  the  tube  is  termed  the 
axis  cylinder  of  Purkinje  and  Rosenthal,  and  forms  from 
one-third  to  one-half  its  entire  diameter.  It  may  be 
that  during  life,  and  at  a  temperature  of  98°,  these 
matters  are  combined,  and  only  separate  by  a  kind  of 
coagulation  after  death.  The  white  substance  consists 
mainly  of  fat,  and  seems  to  have  insulating  properties, 
the  axis  cylinder  being  probably  the  true  conductor. 
The  continuance  of  the  white  matter,  even  to  the  termi- 
nation of  many  nerves,  throws  some  doubt  on  its  insu- 
lating properties.  It  varies  in  thickness  remarkably  in 
nerves,  those  of  young  animals  and  of  the  organs  of 
sense  having  so  thin  a  layer  of  it,  that  mechanical  injury 
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often  ruptures  it,  and  produces  a  nodulated  or  varicose 
appearance.  The  white  substance  is  rendered  laminated 
and  brown  by  chromic  acid,  which  does  not  affect  the 
axis  cylinder;  carmine,  on  the  other  hand,  stains  the 
latter,  not  the  former,  and  hence  there  is  supposed  to  be 
some  chemical  difference  between  these  two  constituents 
of  nerve-tubes. 

A  nerve- tube  runs  uninterruptedly  from  the  nervous 
centre  to  some  peripheral  point  without  any  anastomosis 
whatever ;  there  are  thus  inconceivably  numerous  points 
on  the  centres,  each  connected,  throughout  a  special 
nerve-tube,  with  a  corresponding  point  in  a  muscle  or 
sensory  surface,  as  the  case  may  be.  Their  relation  to 
nerve-vesicles  has  been  alluded  to,  and  there  is  also 
reason  to  believe  they  form  loops  in  the  nervous  cen- 
tres, as  in  cases  where  various  portions  of  the  cerebro- 
spinal axis  were  absent,  the  nerve-tubes  have  been 
observed  to  turn  upon  themselves  in  the  cvanio-spinal 
cavity,  and  run  back  to  the  same  nerve-trunk.  At  the 
periphery  they  end  in,  1,  branching  lashes,  as  in  the 
retina,  olfactory  and  auditory  expansions,  and  in  the 
electric  organs  of  the  ray ;  white  substance  is  absent  or 
very  scanty,  and  vesicles  are  often  added  ;  2,  in  loops, 
as  in  muscles,  in  skin,  mucous  and  serous  surfaces, 
which  being  plane,  render  this  arrangement  necessary, 
also  in  the  papilla  of  the  tongue  and  tooth-pulp  ;  3,  by 
free  extremities,  as  in  Pacinian  corpuscles  and  tactile 
papillae,  which  will  be  hereafter  described. 

A  Nerve  is  a  bundle  of  such  tubes  as  we  have  de- 
scribed, bound  together  by  areolar  tissue,  which  is 
termed  the  neurilemma,  and  which  serves  to  support 
the  abundant  capillaries.  An  artery  occasionally  runs 
through  the  interior  of  a  nerve,  as  in  the  optic  and  sciatic. 

A  G-anglion  is  a  mesh  of  nerve-tubes,  in  the  inter- 
stices of  which  vesicles  lie,  as  figured  on  the  following 
page.  We  shall  treat  of  them  in  describing  the  nervous 
centres. 
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Branches  come  from  a  nerve  usually  at  an  acute  angle, 
and  they  may  join  those 
of  other  nerves,  form- 
ing an  intricate  web  we 
call  a  plexus. 

Plexuses  insure  more 
harmonious  action,  and 
prevent  loss  of  motion  or 
sensation  if  one  nerve 
should  be  destroyed. 
That  the  nerve-tubes  of 
any  one  nerve  emerge 
distinctly  from  the  plex- 
us, and  are  distributed 
to  the  tissue  for  which 
they  were  destined,  is 
shown  by  irritating  any 
of  them  which  go  to 
muscular  tissue,  when 
only  those  muscles  under 
the  influence  of  the  ori- 
ginal nerve  are  afiected. 
This  brief  account  of 


'6/ 


A  Sympathetic  Ganglion  and  its  Roots. 
the  histology  of  nervous  a,  b.  vertical  sympathetic  nerve  tubes,   c,  d. 

tissue  will  be  concluded  ^^l^'  t 
with  a  few  remarks  on  nmhes. 

its  development  and  repair.  Schwann  found  the  vesicles 
in  the  early  foetus  closely  resembled  their  adult  state, 
save  in  being  smaller  and  lighter  coloured.  He  regarded 
the  tube  as  merely  a  number  of  cells  which  had  coa- 
lesced in  the  same  way  as  muscle  is  supposed  to  be  de- 
veloped. It  is  at  first  a  pale,  nucleated  band,  which  can 
be  split  into  shreds,  and  it  then  resembles  the  perma- 
nent state  of  gelatinous  nerve-tube.  The  white  sub- 
stance is  next  gradually  deposited  on  the  inner  surface 
of  the  tubular  membrane,  in  the  same  way  as  the  sarcous 
element  is  laid  down  in  the  muscle-cell,  and  thus  the 
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cylindrical  nerve-tube  is  perfected.  Unlike  many  other 
tissues,  nerves,  when  divided,  become  repaired  by  new 
tubes  being  formed  between  the  cut  ends.  Dr.  Haighton, 
by  the  following  experiment,  discovered  that  their  func- 
tion was  restored.  He  divided  both  pneumogastrics 
high  in  the  neck  of  an  animal,  and  death  at  once  en- 
sued. He  then  divided  one,  and  the  other  in  8  weeks 
after;  this  animal  survived — indicating  that  the  first 
nerve  had  united  by  conducting  medium.  When  the 
supra-orbital  nerve  is  merely  divided  for  the  cure  of 
brow-ache,  the  nerve  often  re-unites  and  the  disease  is 
reproduced.  The  frequent  occurrence  of  amaurosis  after 
it,  has  now  made  this  operation  unadvisable.  The  con- 
ducting power  of  a  divided  median  nerve  is  said  to  have 
been  rapidly  restored  by  suture  in  some  experiments 
before  the  French  Academy.  Schiff  states  that  a  divided 
motor  nerve  will  not  unite  with  a  sensitive  one,  but  will 
do  so  with  any  other  motor  nerve.  It  has  been  proved 
in  the  dog  that  portions  of  nerve  wholly  excised  will  unite 
with  the  subcutaneous  areolar  tissue,  losing,  however, 
everything  but  their  neurilemma. 

Nervous  Force  is  that  agent  which  vesicular  neurine 
generates — hence  called  dynamic,  and  which  nerves  con- 
duct— hence  they  are  termed  internuncient.  We  only 
know  it  by  its  effect  on  the  parts  where  nerves  are  dis- 
tributed, for  it  produces  no  visible  change  on  nervous 
tissue.  Impressions  are  either  carried  to  the  nervous 
centres  along  nerves,  which  are  therefore  termed  afferent 
or  centripetal,  or  from  the  centre  to  periphery  along 
nerves  which  are  termed  efferent  or  centrifugal.  These 
kinds  of  nerves  correspond  respectively  to  sensitive  and 
motor,  and  no  characteristic  appearances  distinguish 
them,  save  that  the  tubes  of  the  former  are  much 
smaller  than  those  of  the  latter.  Impressions  are  some- 
times carried  from  centre  to  periphery  along  sensitive 
nerves,  as  in  cerebral  disease,  producing  painful  sen- 
sations in  the  extremities,  and  in  irritation  of  a  nerve, 
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producing  pain  where  its  filaments  are  distributed,  as 
so  often  seen  in  liip-disease,  in  which  the  sensation  is 
carried  by  the  obturator  and  long  saphenous  nerves  to 
the  knee.  The  conduction  of  an  impression  from  a  part 
which  has  been  altered  in  position,  is  shown  in  an  in- 
teresting way  after  rhinoplastic  operations,  where  an  im- 
pression on  the  new  nose  is  referred  to  the  forehead, 
from  which  the  skin  had  been  abstracted. 

Special-sense  nerves,  we  have  seen,  differ  histologi- 
cally from  those  of  common  sensibility ;  and  they  differ 
still  more  remarkably  in  fmiction,  for  irritation  of  them 
does  not  produce  pain,  but  gives  rise  to  subjective  phe- 
nomena peculiar  to  each — for  example,  muscas  volitantes, 
perverted  smell,  morbid  tastes,  tinnitus  aurium,  &c., 
symptoms  which  every  physician  knows  are  often  due  to 
centric  disease.  Those  who  suppose  that  nerves  gene- 
rate force  when  irritated  by  mechanical  or  other  stimuli 
call  this  inherent  power  "  vis  nervosa"  or  neurility. 
Division  of  a  nerve,  a  tight  ligature  or  pressure  such  as 
tumors  often  produce,  will  interrupt  the  conduction  of  a 
sensation  centrad,  or  of  a  motor  influence  peripherad. 
These  facts  can  be  well  illustrated  by  tying  two  ligatures 
on  a  nerve  which  contains  both  sensitive  and  motor 
fibres  ;  irritation  between  the  ligatures  will  produce  no 
effect — but  if  the  lower  one  be  removed,  motions  will 
occur ;  or  if  the  upper  one,  pain  will  be  felt.  The  rate 
of  transmission  of  nervous  force  is  about  86  feet  per 
second  in  the  frog,  and  200  in  man ;  whereas  electricity 
travels  462,000,000  feet  in  the  same  time. 

Theories  of  Nervous  Force  have  been  numerous.  For 
many  years  Descartes'  supposition  of  a  nervous  fluid  was 
accepted,  till  Hartley  maintained  that  the  influence  was 
transmitted  by  vibrations.  The  resemblance  between 
nervous  force  and  electricity  has  been  often  dwelt  on 
since  the  discovery  of  Galvani,  and  especially  by  Wilson 
Philip.  Both  are  transmitted  with  wonderful  rapidity 
along  conductors,  but  the  velocity  of  electricity  is  far 
greater— both  reciuire  two  dissimilar  substances  to  excite 
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action,  as  the  two  metals  of  the  galvanic  battery,  or  the 
grey  and  white  substances  of  nervous  tissue. 

Electric  conductors  require  to  be  insulated  by  some 
non-conductor,  as  gutta-percha,  &c. ;  and  the  white  sub- 
stance of  nerve-tubes  is  regarded  as  analogous.  Elec- 
tricity requires  a  circle  to  be  constituted  between  the 
opposite  plates ;  and  nervous  force  seems  to  travel  in  the 
same  way  by  the  looped  arrangement  of  the  nerves. 
Electricity  excites  motion  if  applied  to  motor  nerves, 
and  subjective  sensations  in  sensitive  ones ;  but  so  do 
many  mechanical  and  chemical  stimuli.  The  effect  on  a 
motor  or  sensitive  nerve  ceases  the  moment  the  electric 
current  is  stopped — not  so  if  a  ganglion  be  acted  on,  as 
then  the  influence  seems  stored  up,  and  continues  for 
some  time  after  the  electric  conductors  are  removed. 
The  phenomena  of  electric  fishes,  which  will  be  alluded 
to  on  a  future  page,  are  thought  to  support  the  identity 
of  those  two  agents.  Arguments  against  the  identity  of 
nervous  force  and  electricity  are  abundant — thus,  nerv- 
ous matter  does  not  act  on  the  ordinary  tests  for  elec- 
tricity, as  the  magnetic  needle,  the  galvanometer,  electro- 
chemical decomposition,  the  electric  spark  ;  again,  a 
tight  ligature  prevents  the  conduction  of  nei'vous  force, 
not  of  an  electric  current.  If  a  nerve  be  divided  and  the 
extremities  united  by  good  conductors,  as  wire  or  moist 
thread,  electricity,  but  not  nervous  force,  is  cai'ried  on. 
Nervous  tissue  is  a  very  bad  conductor  of  electricity, 
even  worse  than  some  other  tissues,  being  but  one-fourth 
as  powerful  as  muscle.  When  the  arguments  on  either 
side  are  carefully  weighed,  they  at  least  warrant  the  con- 
clusion that  electricity  and  nervous  force  are  correlated. 

The  Theory  of  Polarity  was  first  applied  to  nervous 
force  by  Todd  and  Bowman.  It  supposes  some  mole- 
cular change  occurs,  by  which  a  different  arrangement 
of  particles  is  effected  in  nervous  tissue.  If  the  quiescent 
state  be  represented  by  the  letters  ab  ab  ab,  the  particles 
during  action  may  be  supposed  to  arrange  themselves  as 
A  BA  BA  B,  which  is  termed  the  polar  state.    Recent  ex- 
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periments  show  that  the  human  body  usually  indicates 
free  electricity,  and  that  its  kind  varies  with  sex — that  of 
the  male  being  positive,  of  females  negative.  The  skin 
and  mucous  surface  are  in  these  opposite  states,  and  no 
parts  of  the  body,  save  those  that  correspond  exactly  on 
different  sides,  are  quite  equal  in  the  degree  of  electrical 
disturbance.  Alcohol  is  said  to  increase,  and  rheuma- 
tism to  diminish  almost  to  zero,  this  condition.  In  the 
frog  and  other  batrachians  there  is  a  *'  courant  propre," 
for  the  disturbance  runs  from  the  hind  feet  towards  the 
head  in  the  direction  of  the  strongest  muscular  current ; 
while  in  man's  arm  at  rest  Du  Bois  Ttey- 
moncl  finds  it  runs  from  shoulder  to  fingers. 
He  finds  that  a  scratch  on  one  hand  de- 
stroys its  equilibrium  to  the  other.  Mat- 
teucci  has  performed  many  valuable  expe- 
riments, and  uses  as  the  most  sensitive 
galvanoscope  a  prepared  frog.  He  asserts 
that  electric  current  is  increased  during 
the  contraction  of  a  muscle.  It  is  found 
there  is  also  a  current  through  nerves, 
which,  strange  to  say,  runs  in  the  same 
direction  in  both  motor  and  sensitive  Matteucd's  File. 
nerves.  Matteucci's  pile  is  constructed  by  placing  sections 
of  the  thighs  of  newly-killed  frogs  in'  the  manner  here 
shown,  when  it  is  found  that  a  current  of  the  negative  kind 
passes  transversely,  and  a  positive  current  longitudinally. 

There  are  many  instances  of  the  abundant  production 
of  electricity  in  some  individuals — thus,  a  lady  is  stated, 
in  the  "American  Journal  of  Medical  Science'"'  (January, 
1838),  to  have  given  4  sparks  per  minute  to  a  brass  ball, 
li  inches  in  distant,  when  insulated  by  a  carpet.  This 
condition  suddenly  appeared  during  the  occurrence  of  an 
aurora  borealis,  and  gradually  disappeared  after  some 
months.  A  temperature  of  80°  and  high  spirits  pro- 
moted the  electrical  state,  and  cold  or  depressing  emo- 
tions checked  it.    The  influence  of  electricity  on  the 
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human  body  has  been  much  exaggerated ;  it  has  been 
even  considered  capable  of  accounting  for  that  physical 
impossibility — *'  spontaneous  combustion." 

The  Electric  Fishes  are  the  torpedo,  gymnotus,  tri- 
chiurus,  malapterurus,  and  tetraodon.  The  torpedo 
grows  to  4|-  feet  in  length,  and  has  weighed  73  th.  The 
French  peasants  use  all  parts,  except  the  electric  organs, 
as  food.    Symmetrically  beside  the  head,  as  shown  in 


Electrical  Organs  of  the  Torpedo,  supplied  by  the  pneumogastric  nerves. 

the  annexed  figure  are  two  great  masses  of  nervous 
matter  arranged  in  columns,  and  connected  with  the  tri- 
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facial  and  vagus  nerves.    These  are  the  electric  organs, 
and  the  resemblance  between  them  and  many  voltaic 
arrangements  is  striking.    Dr.  McDonnell,  of  the  Car- 
michael  School,  has  discovered  organs  homologous  to 
them  in  the  common  skate.    The  gymnotus  may  attaia 
a  length  of  20  feet.    Its  organs  are  arranged  in  laminas, 
run  the  whole  length,  and  form  the  chief  bulk  of  the 
animal.    The  electricity  developed  by  these  creatures 
is  identical  with  that  generated  by  the  galvanic  battery, 
the  frictional  machine,  and  other  means,  as  the  following 
facts  will  show  :  1.  Shocks  have  been  felt  by  27  persons 
who  joined  their  hands,  the  first  and  last  touching  the 
fish.    2.  The  galvanometer  needle  has  been  deflected  to 
33°.    3.  A  magnet  has  been  made.    4.  Chemical  de- 
composition or  electrolysis  of  iodide  of  potassium  and 
other  substances  has  been  effected.    5.  Heat  has  been 
evolved,  even  sufficient  to  fuse  gold  leaves.  6.  The  spark 
has  been  obtained.     Spallanzani  felt  the  spark  from 
the  foetus  just  removed  from  a  pregnant  torpedo.  All 
electric  power  ceases  the  instant  the  animal  dies,  or  when 
the  connexion  between  the  organs  and  the  nervous  system 
is  severed,  but  by  irritating  the  end  of  the  nerve  con- 
nected with  the  organ,  discharges  are  produced.  It  seems 
controlled  by  the  will  of  the  animal,  and  after  repeated 
discharges,  it  loses  the  power,  and  is  then  easily  captured. 
While  thus  convinced  of  the  identity  of  animal  with  other 
kinds  of  electricity,  Schdnbein  remarks  :     So  long  as  we 
are  without  an  exact  idea  of  what  electricity  is,  the  dif- 
ferent modes  of  its  development  will  of  course  be  incom- 
prehensible to  us,  even  though  anatomists  and  physiolo- 
gists should  have  very  carefully  studied  the  structure  of 
the  fish;"  and  we  must  conclude  that  the  forces  are  not 
identical,  though  correlated,  as  the  physical  forces  have 
been  shown  to  be  by  Groves.    Growing  plants  give  rise 
to  electric  actions,  which  shows  that  the  presence  of  a 
nervous  system  is  not  essential. 

■  Luminosity,  which  some  invertebrates,  and  occasion- 
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ally  even  the  human  body  evolves,  has  been  said  to  be 
due  to  electricity.  The  phosphorescence  observed  in  the 
tracks  of  vessels  is  due  to  minute  infusoria  and  medusas, 
the  nervous  system  of  which,  according  to  Ehrenherg,  pro- 
duces the  phenomenon;  but  in  some  luminous  animals, 
noctiluca,  for  instance,  no  nervous  system  can  be  demon- 
strated. Among  insects,  the  fire-fly  and  glow-worm  emit 
light,  particularly  about  the  reproductive  organs.  It  con- 
tinues very  slightly  after  death,  but  may  be  increased, 
as  Darwin  found,  by  mechanical  irritation.  It  is  due  to 
oxidation,  for  if  the  creatures  are  placed  in  any  irrespi- 
rable  gas,  or  in  vacuo,  it  ceases.  Phosphorus  is  probably 
the  material  which  is  slowly  oxidised,  for  we  can  produce 
great  luminosity  by  injecting  an  oily  solution  of  that  sub- 
stance into  the  veins  of  a  dog.  The  same  appearance 
has  been  remarked  in  the  urine  of  persons  to  whom  that 
drug  was  administered ;  and  in  cases  of  poisoning  by 
phosphorus,  the  luminosity  of  the  viscera  is  the  main 
test  for  its  diagnosis.  Sir  H.  Marsh — to  whom  we  owe 
almost  all  our  information  on  the  evolution  of  light  from 
the  human  body — records  that  the  individuals  in  whom 
he  noticed  it  were  suffering  from  phthisis,  and  death  was 
approaching — a  degi'ee  of  decomposition,  however,  pre- 
ceding it.  The  breath  had  a  peculiar  putrid  odour.  In 
one  case  the  light  appeared  10  days  before  death.  It 
was  "silvery,  like  the  reflection  of  moonlight  on  water, 
or  like  that  of  the  aurora  borealis." 

In  one  case,  Dr.  Stokes  found  so  much  light  emitted 
from  a  cancerous  ulcer,  that  the  hands  of  a  watch-dial 
could  be  distinguished  in  the  dark.  Bodies  in  the  dis- 
secting room,  and  many  decomposing  animal  substances, 
often  show  a  phosphorescence,  which  can  be  communi- 
cated to  any  object  coming  in  contact  with  them. 

We  shall  now  proceed  to  examine  in  detail  the  divi- 
sions of  the  cerebro-spinal  centre  : 

Three  Membranes  clothe  the  brain  and  spinal  cord : 
1.  The  dura  mater,  a  white  fibrous  covering  which  sup- 
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plies  the  cranial  bones  with  blood  in  early  life,  but  is 
less  closely  attached  about  the  spinal  cord,  gives  off  pro- 
cesses which  divide  and  support  the  parts  of  the  brain, 
sheathes  every  nerve  as  it  emerges,  and  lastly  forms 
that  freely  communicating  system  of  veins  we  call  the 
sinuses.  2.  The  arachnoid  is  a  continuous  serous  sheet 
lining  the  dui-a  mater — save  where  the  pituitary  body  in- 
tervenes— the  outside  of  the  brain  and  spinal  cord,  and 
in  foetal  life  passes  through  the  canal  of  Bichat  to  line 
the  ventricles.  This  communication  is  subsequently 
obliterated  in  the  same  way  as  the  tunica  vaginalis  is 
shut  off  from  the  peritoneum.  Sharpeij  believes  the 
arachnoid  is  inflected  through  the  fissures,  and  lines  the 
subarachnoid  spaces.  The  membrane  pours  out  a  hali- 
tus  which  facilitates  the  motions  of  the  brain.  Rainey 
states  that  it  is  most  abundantly  supplied  by  sympa- 
thetic filaments — but  if  so,  it  must  widely  differ  from 
other  serous  sacs.  3.  The  pia  mater,  an  areolar-vascular 
web  which  dips  into  all  the  sulci  and  conducts  blood- 
vessels into  the  substances  of  the  brain.  On  the  spinal 
cord  it  is  far  less  vascular,  and  acts  more  as  a  tight 
fibrous  sheath  which  ends  below  in  a  thread,  the  filum 
terminale  of  Macartney  tying  it  doAvn  to  sacrum.  To- 
Igether  with  the  arachnoid,  the  spinal  pia  mater  forms 
two  bands  between  the  anterior  and  posterior  roots  of 
the  nerves,  with  a  straight  edge  attached  to  the  side  of 
the  cord,  and  a  serrated  edge,  consisting  of  about  22 
teeth,  attached  to  the  intervertebral  foramina.  They  are 
termed  ligamenta  dentata,  and  are  represented  at  page 
272.    They  steady  the  cord. 

The  Subarachnoid  Fluid,  first  noticed  by  Cotunnitis, 

!is  far  more  copious  than  that  in  the  arachnoid  sac,  as  it 
usually  exceeds  two  ounces.  It  is  alkaline  and  slightly 
dtilbuminous,  containing  no  materials  out  of  which  the 
rOervous  matter  could  be  laid  down,  as  once  supposed, 
t  :t  is  abundant  according  as  the  amount  of  blood  or  size 
T'  )f  nervous  centre  is  diminished,  thus  keeping  up  a  com- 
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pensatory  pressure.  It  affords  an  equal  fluid-pressure 
to  the  brain  and  delicate  nerve-filaments,  especially  at 
the  base  of  the  brain.  If  removed  by  puncture  of  the 
arachnoid,  it  is  rapidly  re-secreted  by  the  pia  mater;  and 


The  Base  of  the  Brain. 
1 .  Posterior  cerebral  lobes.  2.  Cerebellum.  3.  Pneumogastric  lobulet.  4. 
Anterior  cerebellar  lobe.  5.  T rifacial  nerves.  6.  Abducent  nerves.  7. 
Facial  nerves.  8.  Auditory  nerves.  9.  Oculo-motor.  10.  Crura  cerebri. 
11.  Optic  commissures  and  nerves.  12.  Pisiform  bodies.  13.  Olfactory 
roots.    14.  Anterior  lobes.    15.  Middle  lobes. 

thus  pints  of  it  are  occasionally  poured  through  the  ear 
in  fractures  of  the  base  of  the  skull — a  symptom,  as 
Colles  remarked,  almost  surely  fatal. 

The  Circulation  of  the  cerebro- spinal  axis  is  peculiar  : 
1.  For  the  quantity  of  blood  (which  even  Hijjpocrates 
remarked,  and  it  suggested  to  him  that  the  brain  was  a 
secreting  gland).  Holler  estimated  it  at  one-fifth  of  the 
entire.  The  generation  of  nerve-force  requires  a  free 
circulation  of  blood,  and  thus  it  is  that  the  benumbing 
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injauence  of  cold  dulls  cerebro-spinal  action.  2.  The 
blood  is  made  to  ascend  against  gravity  through  very 
tortuous  arteries,  which  then  break  up  into  the  circle  of 
Willis  at  the  base  of  the  brain.  Some  special  arrange- 
ments in  lower  animals  are  described  at  page  142.  3. 
The  vessels  cannot  dilate,  as  they  pass  through  bony 
canals  or  fibrous  sheaths.  4.  The  arteries  do  not  pene- 
trate the  nervous  substance,  but  ramify  freely  on  its 
surface.  The  cerebral  arteries  are  figured  on  the  pre- 
vious page.  5.  The  capillaries  and  smaller  arteries 
have  much  more  muscular  coats  than  those  of  other 
situations,  and  thus  the  amount  of  blood  can  be  easily 
arranged. 

Kellie  first  started  the  plausible  notion  that  as  atmos- 
pheric pressure  did  not  bear  upon  the  cerebral  circu- 
lation, it  could  never  vary.  He  bled  sheep  to  death,  and 
hung  others  with  the  head  downwards,  and  stated  that 
the  amount  of  blood  in  the  cranium  was  equal ;  whereas 
other  parts  were  blanched  in  the  one  instance,  or  gorged 
in  the  other.  When,  however,  he  trephined  the  skull, 
the  pressure  of  the  air  made  the  condition  of  the  brain 
like  other  parts,  and  it  varied  according  to  the  mode  of 
death.  Dr.  Burroivs  disproved  both  these  results  ;  and 
the  free  communication  between  the  veins  of  the  scalp — 
those  in  the  diploe,  which  Brescliet  described,  and  the 
sinuses — should  render  the  cranial  vessels  subject  to  the 
same  changes  as  those  of  other  parts. 

The  subarachnoid  fluid  is  also  of  the  highest  value  in 
preserving  an  equable  pressure  on  the  brain,  as  it  is 
vicarious  in  amount  to  the  blood  with  the  skull.  There 
is  good  reason,  as  explained  at  page  243,  to  regard  the 
thyroid  as  an  organ  for  regulating  the  supply  of  blood  to 
the  brain.  Coma,  convulsions,  or  delirium,  result  from 
want  of  pressure  on  the  cerebral  mass,  as  well  as  from 
undue  pressure  upon  it.  This  is  shown  in  Sir  A.  Cooper's 
experiments  of  ligaturing  the  carotids  ;  by  the  effects  of 
haemorrhage  ;  when  pericarditis  suddenly  obstructs  the 
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heart's  action  ;  and  in  the  hydrocephaloid  disease  of 
children,  which  Gooch  and  Marshall  Hall  so  graphically 


Sinuses  at  the  base  of  ike  Sktdl. 
1.  Tke  optie  nerves.  2.  Internal  carotid.  3.  Circular  sinus  of  Ridley.  4. 
Cavernous  sinus.  5.  Carotid  in  the  cavernous  sinus.  6.  Infundibidum- 
7.  Transverse  basilar,  8.  Internal  auditory  meatus.  9.  Superior  petro- 
sal sinus.  10.  Inferior  petrosal  sinus.  11.  Occipital  sinus,  12.  Torcular 
Herophili  13.  Lateral  sinus.  14.  Jugular  foramen.  15.  Foramen 
magnum.    16.  Superior  longitudinal  sinus. 

described  and  distinguished  from  hydrocephalus,  more 
especially  as  regards  treatment.    As  the  cerebral  circu- 
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lation  does  not  materially  differ  from  that  of  other  places, 
the  effect  of  bleeding  will  be  to  diminish  its  quantity  of 
blood,  and,  moreover,  by  weakening  the  heart's  force  it 
will  decrease  the  pressm-e  upon  the  brain,  and  powerfully 


Sinuset  of  Skull. 

I.  Supn-ior  longitudinal.  2.  Veins  of  dura  mater.  Z.  Falx  cereltri.  4.  Infe- 
rior longitudinal  sinus,  5.  Straight  tinus.  6.  I'enee  magna  Galeni. 
7.  Torcular  Herophili.    8.  Lateral  sinut.    9.  Jugular  vein. 

interfere  with  its  action.  The  veins  which  return  the 
blood  of  the  cerebro-spinal  axis  are  termed  sinuses,  and 
are  represented  in  the  accompanying  transverse  and  ver- 
tical sections.  They  are  destitute  of  valves,  and  have  no 
elastic  coat,  as  it  might  influence  an  injurious  backward 
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pressure,  which  there  would  be  no  valves  to  resist. — 
Their  number  and  free  communication  are  remarkable. 
For  an  admirable  description  of  those  of  the  spinal  co- 
lumn, I  must  refer  to  the  article  "  Venous  System,"  in 
"Todd's  Cyclopedia,"  by  Dr.  M'Doivel,  Professor  of 
Anatomy  and  Physiology  in  the  University  of  Dublin. 

The  Spinal  Cord  is  the  fii-st  portion  of  the  cerebro- 
spinal axis  we  shall  examine,  as  it  is  the  primary  ele- 
ment in  lower  animals,  and  the  higher  nervous  action 
will  be  more  readily  comprehended  when  its  functions 
are  understood.  In  form  it  is  a  tapering  mass,  differing 
from  a  cylinder  in  being  flattened  on  its  anterior  and  pos- 
terior surfaces.  It  extends  from  the  first  vertebra — where 
the  decussating  fibres  of  the  pyramid  mark  it  from  the 
medulla  oblongata — to  the  second  lumbar  vertebra  in 
adults,  or  to  the  sacrum  in  the  foetus. 

By  this  ascent  the  sacral  nerves  are  dragged  within  the 
spinal  canal,  and  form  the  cauda  equina.  The  brachio- 
rachidian  and  lumbo-rachidian  bulbs  are  two  swellings 
where  the  nerves  to  the  upper  and  lower  extremities  are 
given  off,  and  their  respective  size  in  various  animals 
corresponds  to  the  development  of  these  members.  In 
man,  the  lumbar  swelling  has  most  grey  matter.  The 
medulla  oblongata,  being  very  similar  in  appearance,  is 
often  termed  the  superior  rachidian  bulb,  but  we  shall 
see  its  functions  are  of  a  higher  order.  The  cord,  on 
an  average,  weighs  about  1^  oz.,  being  much  less  in  pro- 
portion to  the  brain  than  in  other  animals.  A  transverse 
section  is  figured  on  following  page,  after  Lockhart  Clarke, 
who  steeps  it  in  a  solution  of  chromic  acid,  to  render  it 
transparent.  It  shows  the  division  of  the  cord  into  two 
symmetrical  halves  by  anterior  and  posterior  fissures. 
The  former  is  wide,  dips  in  for  one-third  the  antero-poste- 
rior  diameter,  and  a  white  commissure  unites  the  opposite 
halves,  as  the  corpus  callosum  does  the  cerebral  hemis- 
pheres. The  posterior  fissure  is  very  narrow  and  indis- 
tinct, divides  one-half  the  cord,  and  is  closed  by  a  grey 
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band  uniting  the  vesicular  masses  in  a  way  compared  to 
the  intercrm-al  lamina  between  the  loci  nigri  of  the  crura 
cerebri.  The  section  shows  two  grey  masses  of  a  semi- 
lunar shape,  with  the  concavity  outwards,  and  the  con- 
vexities joined  by  the  grey  commissure.  Each  mass  ter- 
minates anteriorly  in  a  rounded  end,  from  which  some 


Transverse  Section  of  Cord,  at  the  lumbar  enlargement,  showing  on  the  right 
the  grey  mass, and  on  the  left,  the  course  of  the  root  fibres.  The  ventricle 
is  seen  in  the  middle  of  the  grey  commissure. 

fibres  of  the  anterior  root  of  the  spinal  nerves  arise,  and 
posteriorly  it  comes  quite  to  the  surface,  when  it  seems 
to  form  directly  the  posterior  roots.  About  midway  be- 
tween the  grey  commissure  and  the  posterior  roots,  there 
is  found  "the  gelatinous  substance"  described  hj  Rolando, 
which  consists  of  much  vesicular  neurine  and  longitudi- 
nal fibres.  The  relative  amount  of  grey  matter  increases 
from  above  downwards.  The  groove  where  the  poste- 
rior roots  emerge  marks  the  cord  into  an  antero- lateral 
column,  extending  from  thence  to  the  anterior  fissure, 
and  a  posterior  column  reaching  to  the  posterior  fissure. 
The  anterior  and  posterior  roots  of  the  nerves  are  con- 


20G 


THE  SPINAL  CORD. 


nected  with  antero-lateral  columns,  which  are  also  joined 
by  a  commissure,  according  to  most  anatomists,  save 
Clarke,  who  states  the  commissure  is  composed  entirely 
of  grey  matter ;  whereas  the  posterior  columns  are  quite 
severed — except  in  the  dorsal  region,  where  the  posterior 
fissure  can  be  scarcely  distinguished.  In  the  centre  of 
the  grey  commissure  is  seen  a  canal,  lined  by  cylindrical 
ciliated  epithelium,  and  extending  even  to  the  filum  ter- 
minale.  It  is  continuous  with  the  fourth  ventricle,  about 
T^o  diameter,  and  in  birds  dilates  at  the  lumbar  swell- 
ing into  the  sinus  rhomboidalis. 

The  fibres  of  the  spinal  cord  are  thus  arranged  by 
Todd  and  Bowman: — 1.  Spinal  oblique  or  transverse. 
2.  Encephalic,  longitudinal.  3.  Longitudinally  com- 
missural. 3.  Transversely  commissural.  The  view  still 
held  by  some  anatomists,  that  all  the  fibres  proceed  from 
the  brain,  is  disproved  by  the  fact  that  the  cord  does 
not  unifoiTnly  taper  from  above  downwards,  which  should 
be  the  case  if,  like  a  great  nerve,  it  gave  oflP  these  fibres 
as  it  passed  along.  The  size  of  the  cord  really  corre- 
sponds to  the  number  of  nerve-tubes  given  ofi"  at  any 
point,  as  proved  by  the  following  calculations  of  Volk- 
rnann,  who  gives  the  weight  of  4  segments,  each  7  centi- 
metres long,  from  the  cord  of  a  horse,  and  the  respective 
extent  of  the  grey  matter  in  square  lines : 


Grains. 

Area  of  Grey. 

Area  of  WTiite 

Matter. 

Matter. 

From  below  2nd  nerve 

219 

13 

109 

8th  „ 

293 

28 

142 

19th  „ 

163 

11 

89 

30th  „ 

281 

25 

121 

It  was  Grainger  who  first  stated  that  some  of  the  fibres 
had  theu'  origin  in  the  cord  itself. 

The  Functions  of  the  Cord  will  be  best  understood 
by  arranging  them  into — 1,  those  which  it  possesses  as 
an  independent  centre,  and  2,  those  it  performs  for  the 
brain.    Division  of  the  cord  deprives  all  parts  below  of 
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the  endowments  of  sensation  or  voluntary  motion.  The 
section  has  been  made  on  living  animals ;  and  disease  or 
injury  too  often  perform  the  same  experiment  on  man, 
whose  body  is  then  "  like  a  living  head  and  a  dead 
trunk — dead  to  its  own  sensations  and  to  all  voluntary 
control  over  its  movements"  {Todd  and  Bowman).  The 
amphioxus  or  lancelot  fish,  however,  seems  to  prove  that 
sensation  and  voluntary  motion  may  exist  in  animals 
from  whom  the  brain  is  absent,  for  this  creature's  cord 
tapers  as  finely  at  one  extremity  as  at  the  other  ;  and  the 
cephalic  ganglion  which  exists  seems  merely  to  minister 
to  special  senses.    As  we  stated  before  of  an  ordinary 
nerve,  if  the  cord  be  divided,  irritation  of  the  upper  seg- 
ment will  produce  pain  and  movement  of  all  muscles 
which  derive  their  nerves  from  above  the  section  ;  irri- 
tation of  the  lower  will  excite  only  movements.  Divi- 
sion of  one  half  will  produce  these  effects  on  the  corre- 
sponding side  only.    A  stimulus  applied  to  the  skin  or 
other  sensitive  parts  will  also  excite  involuntary  move- 
ments.   Hunter  relates  that  irritation  was  applied  to  the 
lower  extremities  of  a  man  whose  spinal  cord  had  been 
severed  by  injury ;  they  jerked  vigorously.   Being  asked 
if  he  felt  the  irritation,  he  replied:  "  No,  sir  ;  but  you 
see  my  legs  do,"  and  in  that  answer  is  embodied  most 
of  the  views  now  entertained  on  the  independent  endow- 
ments of  the  spinal  cord.    That  such  movements  are 
truly  spinal,  having  no  dependence  on  the  brain,  is  still 
further  shown  by  their  occurring  in  brainless  foetuses  and 
pithed  or  even  decapitated  animals  ;  but  if  the  cord  be 
removed  from  the  latter,  all  capability  of  motion  ceases. 

This  excito-motory  function  of  the  cord,  alluded  to 
by  Whytt  and  Procliaska,  was  so  named  and  admirably 
investigated  by  Marshall  Hall,  who  considered  the  "  true 
spinal  cord"  as  extending  as  far  as  the  crura  cerebri, 
and  consisting  of  excito-motor  fibres,  grey  matter,  and 
reflecto-motor  fibres,  quite  distinct  from  ordinary  sensi- 
tive and  motor  fibres,  and  as  being  the  seat  of  all  phy- 
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sical  nervous  action.  Disease  most  strikingly  illustrates 
this  reflex  function,  the  discovery  of  which  has  thi'own  a 
flood  of  light  on  the  pathology  of  innervation.  Many 
examples  will  be  hereafter  adduced,  but  in  this  place  two 
instances  will  make  the  principles  more  easily  under- 
stood. In  children,  a  morbid  condition  of  the  gastric 
mucous  membrane  transmits  an  irritation  along  the  ex- 
cito-motor  fibres  of  the  pneumogastric  nerve  to  the  me- 
dulla oblongata,  whence  it  is  sent  along  the  reflecto- 
motor  fibres  which  branch  into  the  recurrent  nerve  to 
the  laryngeal  muscles,  producing  that  disease  which  Sir 
H.  Marsh  so  well  described  as  "spasm  of  the  glottis." 
In  a  recent  case  which  I  saw  in  consultation  with  a 
former  pupil,  the  irritant  was  malarious  air,  and  the 
reflex  disease  disappeared  a  few  days  after  the  child's 
arrival  in  this  country.  A  wound  in  the  sole  of  the  foot 
will  so  excite  the  polarity  of  the  cord  as  to  produce 
tetanic  spasm  of  nearly  all  the  muscles — those  about 
orifices  being  most  afiected,  which  is  usually  the  cause 
of  death,  and  which  supports^M.  HalVs  view — that  the 
excito-motory  system  chiefly  presided  over  the  muscles 
of  ingestion  and  egestion.  Strychnine  is  a  special  ex- 
citant of  the  reflex  function,  and  does  not  act  directly  on 
the  cord,  for  if  the  posterior  nerves  be  divided  it  will 
produce  no  tetanoid  spasms,  although  the  animal  will 
die.  Cold,  as  when  applied  along  the  spine  in  tetanus, 
conium,  belladonna,  and  tobacco,  are  the  most  powerful 
means  we  have  for  reducing  the  polarity  of  the  cord. 
The  physiologically  antidotal  power  to  strychnia  of  the 
latter  substance,  was  discovered  by  Prof.  Haughton  of 
Trinity  College,  Dublin,  and  has  already  saved  human 
life.  Wourara  appears  to  be  a  destroyer  of  all  nervous 
force.  The  nearer  to  periphery  the  stimula  to  reflex 
action  is  applied,  the  more  powerful  the  result — a  prin- 
ciple which  suggests  that  the  endermic  application  of 
strychnia  is  preferable  to  its  internal  administration ;  and 
I  have  tested  practically  the  value  of  the  suggestion. 
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Cantharides  also  stimulates  the  reflex  function  ;  when 
administered  to  a  patient  whose  spinal  cord  had  been 
divided  by  a  tumour,  it  restored  the  retentive  power  of 
the  neck  of  the  bladder,  which  had  been  lost.  It  has 
been  remarked  that  the  cord  of  the  frog  has  greater  pur- 
posive power  than  that  of  man,  as  when  all  connexion 
with  the  brain,  where  all  instinctive  and  co-ordinating 
faculty  is  supposed  to  reside,  is  cut  off,  the  animal  will 
leap  and  try  to  escape  any  irritation  applied  to  the  feet ; 
while  the  movements  in  man  are  purposeless  although 
powerful.  Decapitated  frogs  have  been  seen  to  swim 
vigorously. 

Besides  the  examples  given  of  reflex  action  occurring 
without  sensation,  the  often- quoted  one  of  the  sleeping 
child  gi-asping  thejfinger  placed  within  its  hand,  may  be 
alluded  to,  and  the  well-known 
fact  that  soldiers  during  a 
fatiguing  march  will  walk, 
though  quite  asleep,  when  the 
sensorium  is  inactive.  2.  As 
regards  the  conducting  ofiice  of 
the  cord,  the  functions  of  the 
antero-lateral  and  posterior 
columns  respectively,  are  much 
less  positively  known  than  those 
of  the  roots  of  the  nerves, 
which  are  both  connected  with 
the  former.  Sir  C.  Belt  an- 
nounced, shortly  after  his  bril- 
liant discovery  regarding  the 
roots,  that  the  antero-lateral  "•^Tcori^''"''' 

column  was  exclusively  motor  ■^'^terior  root.     pr.  Posterior 

+  ho    ■rv/-vci+r.-..;^v.            -i.'           1     i  S-  Ganglion,   mo.  Medul- 

tne    posterior,   sensitive  ;    but  la  oblongata,    l,  2.  and  3  repre- 

Mr.  Shaw,  his  son-in-law  who  sections  through  the  medulUt 

^AU^A                  1         ,    ,     '    ,  oblongata  high  up,  low  down,  and 

edited  his  works,  states  that   in  the  cord 

ho  afterwards  saw  reason  to  doubt  the  latter  part  of  the 

hypothesis.    It  is  shown  to  be  untrue  by  the  fact  that 
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the  posterior  column  is  traced  into  the  cerehellum,  which 
is  certainly  connected  more  with  motion  than  sensation ; 
and  that  if  it  be  divided,  all  parts  behind,  instead  of  be- 
ing rendered  anaesthetic,  become  hyperaesthetic,  or  many 
times  increased  in  sensibility — an  effect  due  to  the  in- 
creased flow  of  blood  which  ensues  from  section  of  the 
vaso-motor  nerves.  Brown- Sequard,  from  whose  work 
the  foregoing  diagram  is  copied,  has  shown  that  the  sen- 
sitive fibres  of  the  posterior  root  (pr.)  cross  to  the  op- 
posite side  of  the  grey  matter  of  the  cord,  and  so  run 
up  to  the  brain.  The  fibres  of  the  anterior  roots  (ar.), 
on  the  contrary,  do  not  decussate  till  they  arrive  at  the 
pyramids.  The  arrows  in  the  diagram  indicate  the  cen- 
tripetal direction  of  sensation,  and  the  centrifugal  di- 
rection of  the  motor  force.  These  facts  he  has  demon- 
strated by  3  sections  :  1.  Complete  section  of  one  half 
of  the  cord  in  the  dorsal  region.  The  effects  on  the 
limbs  behind  the  section  may  be  thus  tabulated  : 


2.  The  preceding  section  having  been  made,  the  opposite 
half  is  severed  completely  in  the  cervical  region,  and  the 
sensibility  of  the  limb,  which  was  retained  after  the  fii'st 
section,  is  now  lost.  3.  The  lumbar  part  of  the  cord  is 
divided  from  its  anterior  to  posterior  fissure,  and  all  sen- 
sitive fibres  which  come  from  the  hind  limbs  and  cross 
each  other  in  the  commissure  being  divided,  all  sensi- 
bility of  these  members  is  destroyed,  but  motion  re- 
mains. The  decussation  of  the  sensitive  fibres  along  the 
cord,  and  of  motor  ones  only  at  the  medulla  oblongata, 
would  account  for  the  anomalous  case  recorded  in  the 
French  translation  of  Sir  C.  BeWs  work,  where  an  injury 
to  the  spine  produced  paralysis  of  one  limb  and  anjes- 
thesia  of  the  opposite.  Half  the  cord  was  probably 
severed.    Brown- Siquard  concludes,  from  experimental 


On  injured  side. 

Motion  lost. 
Sensibility  remains. 


Motion  remains. 
Sensibility  lost. 


On  uninjured  side. 
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and  pathological  proofs,  that  the  grey  matter  and  not 
the  posterior  columns,  as  believed  by  Longet,  are  the 
conductors  upwards  of  sensibility. 

There  is  no  evidence  to  support  Valentin's  theory  that 
the  anterior  column  presides  over  flexion,  posterior  over 
extension,  nor  that  which  assigns  the  control  over  these 
movements  to  the  upper  and  lower  halves  of  the  cord 
respectively.  There  is  much  pathological  and  other 
evidence  to  support  the  views  of  Todd  and  Bowinan, 
who  regard  the  posterior  column  as  "in  part  commis- 
sural between  the  various  segments  of  the  cord,  and  in 
part  subservient  to  the  function  of  the  cerebellum  in 
regulating  and  co-ordinating  the  movements  necessary 
for  perfect  locomotion,"  to  which,  I  may  add,  that  it  may 
be  the  conductor  of  muscular  sense  to  the  cerebellum, 
where  we  shall  show  that  that  power  resides. 

The  Roots  of  the  Spinal  Nerves  are  two — an  an- 
terior— small,  white,  and  motor ;  and  a  posterior — larger, 
grey,  and  sensitive,  forming  also  a  ganglion,  after  which 
it  is  joined  by  the  anterior.  A  filament  from  the  sym- 
pathetic is  sent  to  all  these  ganglia.  The  nerve-tubes  of 
both  roots  are  continuous  in  loops  in  the  grey  matter  of 
the  cord.  The  great  physiological  facts  that  the  an- 
terior roots  are  motor,  the  posterior  sensitive,  and  the 
branches  compound,  were  the  discoveries  of  Sir  C.  Bell. 
In  a  rabbit  (but  from  the  greater  period  excitability  lasts, 
its  few  nerves,  and  the  wide  space  in  the  canal  by  the 
side  of  the  cord,  the  frog  is  fitter  for  experiment)  he 
divided  the  anterior  roots  on  one  side,  the  posterior  on 
the  other  ;  irritation  on  the  side  where  posterior  roots 
were  divided  produced  no  effect,  as  the  impression  could 
not  be  carried  up  ;  but  when  applied  to  the  other  side, 
there  were  wincing,  cries,  and  other  evidences  of  pain, 
as  the  impression  was  conducted  to  the  cord,  and  pro- 
duced on  the  other  side  vigorous  movements.  This 
simple  but  beautiful  experiment,  besides  demonstrating 
the  respective  functions  of  the  roots,  proves  that  sensi- 
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tive  impressions  are  transmissable  from  one  side  to  the 
other  of  the  cord. 

Irritation  of  the  detached  portion  of  the  anterior  root 


'rile  Spinal  Cord,  its  Membrinuw  and  Xerve- Routt, 
n.  Thfi.  cord.  b.  bura  mater,  c.  Denticulate  ligament,  d.  Posterior  of 
sensitive  roots  cut  on  the  right  side.  e.  Entire  on  the  (eft  of  the  anterior 
or  motor  roots,  h.  The  ganglia  on  the  posterior  reats,  beyond  which  the 
anterior  roots  unite  to  them,  to  divide  again  into  anterior  and  posterior 
branches. 

will  produce  motion — but  of  the  posterior  root,  no  effect. 
The  function  of  a  nerve  may  be  also  gathered  from  its 
distribution — if  to  a  muscle,  it  must  be  motor ;  if  to 
skin,  &c.,  sensitive.    The  fact  that  there  is  muscular 
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tissue  in  the  skin  does  not  disprove  the  statement,  as 
the  spinal  nerves  are  compound,  and  filaments  from  the 
anterior  roots  may  supply  the  tissue.  The  sympathetic 
may  also  supply  the  contractile  tissue  of  the  skin,  but  as 
the  phenomenon  of  cutis  anserina  is  perceived  over  the 
extremities  where  that  nervous  system  is  scantily,  if  at 
all,  distributed,  it  is  more  probable  that  its  source  is  the 
spinal  nerves.  A  few  filaments  may  be  traced  running 
from  the  posterior  root  to  the  anterior,  and  the  sensi- 
bility they  confer  threw  some  doubt  on  the  statement,  that 
the  latter  was  exclusively  motor ;  but  these  fibres  may 
be  regarded  as  merely  "  nervi  nervorum."  They  plainly 
come  from  the  posterior  root,  as  all  sensibility  is  lost  by 
its  division,  and  irritation  of  the  central  portion  of  the 
divided  anterior  root  will  not  produce  pain,  though  ini- 
tation  of  the  detached  half  will,  as  it  is  carried  back  by 
the  posterior  root.  The  two  roots  unite  after  the  poste- 
rior has  formed  the  ganglion,  and  then  two  branches,  of 
which  the  anterior  is  the  larger,  separate.  There  are 
31  pairs  of  spinal  nerves — or,  adding  the  spinal  acces- 
sory, as  Willis  did,  32,  arranged  as  8  cervical,  12  dorsal, 
5  lumbar,  and  6  sacral,  the  anterior  branches  of  which 
mingle  together,  and  form  the  cervical,  brachial,  lumbar, 
and  sacral  plexuses.  The  only  posterior  branches  which 
form  a  plexus  are  those  of  the  first  four  cervical.  The 
general  arrangement  of  the  cei'ebro-spinal  axis  and  the 
spinal  nerves  will  be  seen  in  the  preceding  figm-e. 

The  Medulla  Ohlongata  is  an  oval  mass  continued 
from  the  cord  into  the  cranium ;  like  it,  it  is  divided  into 
halves  by  a  posterior  fissure — at  the  bottom  of  which, 
however,  no  grey  commissure  exists — and  an  anterior, 
across  which  are  found  many  fibres  decussating  to  the 
opposite  side.  Each  half  is  marked  by  grooves  into 
4  bodies,  termed,  from  before  backwards,  the  pyramid, 
olivary,  restiform,  and  posterior  pyramid.  Solly  and  Bo- 
lando  have  described  arciform  fibres,  which  curve  under 
the  olivary  body— as  it  is  but  half  as  long  as  the  other 
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bodies — and  uniting  the  pyramid  and  restiform,  pass 
back  to  the  cerebellum  ;  and  they  may  explain  the 
ci-QSsed  character  of  lesions  of  that  organ.  The  pyramid 
consists  of  fibres,  both  from  the  antero-lateral  column  of 
its  own  side  and  of  the  opposite,  which,  we  have  stated, 
decussate  across  the  anterior  fissure.  These  fibres  can 
be  traced  upwards  through  the  deeper  fibres  of  pons, 
lower  layer  of  crus  cerebri,  and  thus  into  those  gan- 
glionic masses,  the  optic  thalamus,  corpus  striatum,  and 
finally  into  the  hemisphere,  as  is  represented  in  this  dia- 


Tke  Fibres  of  the  Antero-  Lateral  Tract  traced  through  the  pyramid  and  oli- 
vary body,  deep  part  of  pons,  crura  cerebri,  optic  thalamus,  and  corpus 
ttriutum  into  the  hemispheres,  and  those  of  the  posterior  tract  through  the 
restijorm  body  into  the  lateral  lobe  of  the  cerebellum,  after  Gray. 

gram  of  the  physiological  method  of  dissecting  the  cere- 
bro-spinal  axis  from  below  upwards.  Their  course  very 
clearly  accounts  for  cross-paralysis  in  cerebral  lesions, 
the  limbs  of  the  opposite  half  of  the  body  being  para- 
yzed.  The  olivary  body  exists  only  in  man  and  quad- 
rumana,  but  in  some  other  animals  the  great  size  of  the 
pyramid  may  conceal  it.  It  contains  a  grey  ganglionic 
oaass,  the  corpus  dentatum,  which  seems  connected  with 
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the  functions  of  the  tongue,  as  both  glosso-pharyngeal 
and  h"ngual  nerves  have  some  filaments  arising  from  it. 
The  fibres  of  the  olivary  body  extend  from  the  antero- 
lateral  column,  through  the  pons  and  crus,  into  the  optic 
thalamus  and  quadrigeminal  bodies. 

The  restiform  body,  so  named  from  its  twisted  appear- 
ance is  mainly  continued  from  the  posterior  column. 
As  it  ascends  it  diverges  from  its  fellow,  and  joining  the 
lateral  lobe  of  the  cerebellum,  has  been  termed  "  pro- 
cessus e  cerebello  ad  medullam  oblongatam."  It  is  said 
to  have  a  small  grey  mass  at  the  origin  of  the  pneumo- 
gastric.  The  posterior  pyramid  seems  merely  a  portion 
of  the  restiform  marked  off  by  a  very  superficial  groove ; 
but  unlike  it,  Solly  says,  it  passes  to  the  opposite  side  of 
the  pons.  A  grey  mass  on  the  back  of  the  medulla,  just 
below  the  fourth  ventricle,  is  regarded  as  the  auditory 
ganglion.  Some  fibres  were  described  by  Cruveilhier  as 
passing  antero-posteriorly,  like  a  septum,  in  the  middle 
of  the  medulla.  There  are  many  transverse  fibres  also 
mainly  connecting  the  olivary  bodies,  which,  from  this 
fact  and  their  abundant  vesicular  matter,  must  be  re- 
garded as  the  seat  of  all  the  independent  functions  the 
medulla  possesses.  The  8th,  9th,  and  facial  portion  of 
7th,  are  most  intimately  connected  with  the  medulla, 
which,  through  them,  controls  the  great  acts  of  respira- 
tion and  deglutition.  In  animals  which  breathe  without 
a  diaphragm,  the  spinal  cord,  and  in  frogs  the  cerebrum 
also,  may  be  sliced  away  without  interfering  with  respi- 
ration ;  but  destruction  of  the  medulla  at  once  kills  by 
apnoea,  unless  they  are  etherized ;  and  irritation  of  this 
centre  produces  spasm  of  the  respiratory  and  pharyngeal 
muscles.  It  is  therefore  the  seat  of  such  reflex  acts,  as 
vomiting,  coughing,  &c.,  which  we  have  before  consi- 
dered. In  foetuses  where  the  cerebral  lobes  are  sup- 
pressed, in  the  kangaroo  before  they  are  developed,  and 
in  puppies  from  which  they  have  been  removed,  the 
power  of  sucking  exists,  dependent,  as  Grainger  remarks, 
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on  the  medulla.  Van  der  Kolk  regarded  the  olivary 
bodies  as  ganglia  of  speech  through  the  lingual  nerves. 

The  Cerebellum,  or  lesser  brain,  is  about  one-sixth  the 
size  of  the  cerebrum,  and  consists  of  3  lobes,  of  which 
the  middle  is  found  in  all  vertebrates  save  the  amphi- 
oxus  ;  and  the  lateral  lobes  are  added  in  birds  and  mam- 
mals— never,  however,  except  in  man,  attaining  an  equal 
size  with  the  most  essential  part.  Like  most  other 
ganglionic  masses,  its  surface  is  arranged  in  convolutions, 
which  are  narrower,  straighter,  and  deeper  than  those 
of  the  cerebrum.  The  sulci  are  either  primary,  dividing 
the  lobes  into  about  5  lobules,  or  secoudaiy,  which  cut 
these  again  into  lamellfe.  The  middle  lobe  is  curved 
forwards,  and  ends  above  and  below  in  a  vermiform  pro- 
cess. The  central  stem  of  each  lateral  lobe  is  white  and 
branched,  like  a  tree,  the  "  arbor  vitte,"  in  the  inner 
third  of  which  there  is  a  grey  mass  with  an  irregular 
edge,  the  "  corpus  dentatum,"  which  is  very  similar  to 
that  found  in  the  olivary  body.  The  cerebellum  is  con- 
nected to  the  mesocephale  by  the  "  processus  e  eerebello 
ad  testes,"  whose  fibres  extend  as  far  as  the  optic  thalami, 
and  the  "processus  e  eerebello  ad  pontem,"  or  crus, 
whose  fibres  form  the  superficial  part  of  the  pons,  which 
is  therefore  a  transverse  commissure  of  the  cerebellum : 
the  "processus  e  eerebello  ad  medullam  oblongatam," 
or  .restiform  body,  joins  it  to  the  medulla.  The  grey 
matter  or  cortical  substance  has  large  vesicles  with  the 
caudffi  projecting  towards  the  surface,  which  fact  is  evi- 
dence against  the  continuity  of  these  processes  and  nerve- 
tubes.  _  Between  the  cerebellum,  mesocephale,  and  me- 
dulla lies  the  4th  ventricle,  on  the  floor  of  which  is  seen 
a  longitudinal  groove,  the  "  calamus  scriptorius,"  con- 
tinued up  from  the  posterior  fissure  of  the  cord.  The 
auditory  nerve  takes  root  at  its  posterior  or  plume-like 
extremity ;  and  Dr.  Alcock,  late  Professor  of  Physiology, 
Queen's  College,  Cork,  traced  the  trifacial  nerve  to  the 
anterior  extremity.    It  was  here  that  Flourem  thought 


278  THE  CEREBELLUM. 

he  discovered  a  "  noeud  vital,"  or  vital  point,  as  injury 
of  it  often  causes  instantaneous  death  ;  but  it  has  been 
removed  in  frogs  without  fatal  effects  following  for  some 
days. 

The  experiments  of  Magendie  and  Flowens  have  clearly 
shown  that  the  function  of  the  cerebellum  has  more  con- 
nexion with  motion  than  any  other  nervous  endowment. 
In  pigeons,  Flourens  sliced  it  away,  and  no  pain  was  pro- 
duced ;  but  the  animal  performed  rapid,  irregular,  and 
unharmonious  movements,  which  could  not  be  co-ordi- 
nated into  their  usual  acts  of  standing,  walking,  or  fly- 
ing. Common  and  special  sensation,  and  probably 
volition,  were  retained.  The  condition  has  been  aptly 
compared  to  that  of  a  drunken  man.  Section  on  one 
side  only  gave  rise  to  rapid  gyrations  of  the  body  from 
that  side,  even  to  the  number  of  60  per  minute,  and 
lasting  for  some  days ;  but  Brown- Sequard  has  shown 
that  a  much  less  important  injury,  as  division  of  the 
auditory  nerve,  will  produce  this  effect.  Seirea  reports 
that  rotations  occurred  in  a  man  in  whose  crus  cerebelli 
an  apoplectic  clot  was  found  ;  and  they  have  been  ob- 
served in  a  case  in  which,  after  death,  an  exostosis  was 
discovered  pressing  on  the  same  point.  Unsteady  gait 
has  been  found  a  pretty  constant  symptom  of  disease  of 
of  the  cerebellum.  Flourens  then  regards  the  cerebellum 
as  the  co-ordinator  of  movements. 

Foville  believes  it  is  rather  the  organ  of  muscular 
sense,  which  its  close  connexion  with  the  posterior  co- 
lumn of  the  cord  and  the  quadrigeminal  bodies  renders 
very  probable  ;  but  it  is  not  inconsistent  to  suppose 
that  it  fulfils  both  these  offices. 

Gall  started  the  notion  that  the  cerebellum  was  the 
seat  of  the  amative  and  propagative  instincts.  It  was 
merely  one  of  those  unfounded  guesses  which  have  been 
often  substituted  for  rational  opinions  founded  on  labo- 
rious research.  It  is  contradicted  by  the  numerous  con- 
nexions of  the  cerebellum,  whereas  it  would  be  alone 
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coBnected  with  the  generative  organs  if  such  were  its 
fimctions,  and  its  vast  preponderance  in  man  over  rep- 
tiles and  fishes,  which  possess  the  reproductive  impulse 
in  a  much  higher  degree.  Again,  in  the  ray  and  eel, 
which  copulate,  it  is  much  smaller  proportionally  than 
in  the  cod,  which  does  not.  Phrenologists  have  espoused 
this  idea,  and  they  account  for  the  large  size  of  man's 
cerebellum  by  the  constancy  of  venereal  desire,  which  is 
periodic  in  other  animals.  Disease,  injury,  or  removal 
of  the  organ  has  not  diminished  the  activity  of  the  gene- 
I'ative  function  ;  and,  on  the  other  hand,  the  gelding's 
cerebellum  has  been  found  heavier  than  the  mare's  or 
stallion's,  which  may  be  due  to  their  not  being  employed 
in  ordinary  work,  which  would  develop  the  co-ordinating 
power.  Curling  has  lately  dissected  an  idiot,  whose 
testes  were  rudimentary — one  weighing  20  grains,  the 
other  37 ;  yet  the  cerebellum  was  the  average  weight. 
The  correlation  of  the  cerebellum  to  other  nervous  cen- 
tres is  thus  expressed  by  Flourens:  "  The  cerebrum  feels 
and  wills  ;  the  medulla  oblongata  and  spinal  cord  exe- 
cute ;  the  cerebellum  co-ordinates."  The  movements  of 
decapitated  frogs  must  force  us  to  regard  the  cord  as 
having  co-ordinating  power. 

The  Mesocephale  includes  the  pons  and  quadrigemi- 
nal  bodies.  As  the  pineal  gland  seems  more  connected 
with  ductless  glands  than  nervous  structure,  we  have 
elsewhere  described  it.  The  pons  consists  superficially 
of  bridge-like  fibres  passing  from  one  lateral  lobe  of  the 
cerebellum,  through  the  crura,  to  the  other;  and  the  com- 
missural fibres  are  absent  in  animals  which  possess  a 
middle  cerebellar  lobe  only.  Its  deeper  portion  is  formed 
by  the  fibres  of  the  pyramids  and  olivary  bodies  passing 
up  to  the  crura  cerebri.  Some  grey  matter  which  is 
found  in  the  pons  suggests  that  it  may  have  ganglionic 
lunction. 

The  ftuadrigeminal  Bodies  consist  of  two  anterior  or 
nates,  two  posterior  or  testes,  the  former  being  larger  in 
man,  the  latter  in  all  other  animals.    In  all  vertebrates 


280 


THE  CRANIAL  GANGLIA. 


below  mammals  but  two  exist,  and  are  hollow  masses, 
termed  "  optic  lobes."  They  Ibear  proportion  in  size  to 
that  of  the  optic  nerve,  but  exist  in  the  mole  although 
the  eyes  are  suppressed.  In  some  pleuronectoid  fishes 
one  is  much  larger  than  the  other,  as  the  eyes  are  also 
unequal.  If  they  be  removed  in  animals,  sight  is  lost 
in  the  opposite  eye,  which  becomes  amaurotic,  and  the 
pupil  dilates,  as  the  stimulus  to  the  contraction  of  the 
pupil  is  not  transmitted.  Irritation  of  one  body  will 
produce  contraction  of  both  pupils — in  the  same  way  as 
if  light  be  admitted  to  one  eye,  and  excluded  carefully 
from  the  other,  the  pupils  will  both  contract, 

Rotations  will  also  occur  if  one  of  the  quadrigeminal 
bodies  be  removed,  as  vision  is  wholly  lost ;  and  the 
same  effeot  is  produced  by  blindfolding  one  eye  of  a 
pigeon  or  by  evacuating  its  humours.  Amaurosis  is  a 
common  symptom  of  ramollisement,  which  in  some  cases 
has  been  found  after  death  localised  to  these  bodies, 
which  for  the  foregoing  reasons  we  may  consider  the 
ganglia  of  vision;  and  the  other  special  senses  have  each 
a  similar  centre.  Extensive  connexion  between  the  bodies 
and  the  motor  tracts  is  requisite,  for,  as  3Iayo  remarks, 
in  ordinary  movements  ' '  we  lean  upon  our  eyesight  as 
upon  crutches ;"  and  thus,  when  standing  on  a  high 
tower,  we  feel  insecure,  as  sight  does  not  tell  us  we  are 
supported. 

The  Optic  Thalami  are  the  next  ganglia  which  we 
meet  in  tracing  up  the  fibres  of  the  cord  through  medulla, 
pons,  and  crura  cerebri — except  the  gi-ey  semilunar  mass 
termed  the  locus  niger,  which  separates  the  fibres  from 
the  pyramid  and  olivary  body  in  the  latter,  and  from 
which  the  motor  oculi  nerve  arises.  The  optic  thala- 
mus is  an  oval  mass  of  vesicular  matter  and  fibres, 
mainly  continued  from  the  olivary  body.  It  has  a  grey- 
ish tint,  like  "cafe  au  lait."  The  geniculate  bodies  are 
little  tubercles  on  its  posterior  extremity,  and  connected 
with  the  optic  tracts.  The  two  thalami  are  joined  across 
the  3rd  ventricle  (which  is  merely  a  slit  between  them) 
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by  the  middle  and  posterior  commissures,  and  fibres 
freely  diverge  from  them  into  the  corpus  striatum  and 
hemispheres.  From  such  connexions,  then,  we  are  led 
to  suppose  that  these  bodies  preside  over  sensation,  a 
point  which  neither  vivisections  nor  pathological  lesions 
can  aid  us  in  determining,  as  thefr  effects  are  isolated  or 
interpreted  with  great  difficulty.  These  instruments  of 
research,  however,  enable  us  to  disprove  Foville's  asser- 
tion— that  the  optic  thalami  preside  over  the  upper  extre- 
mities, the  corpora  striata  the  lower;  for  Longet  has 
paralysed  both  members  equally  by  removing  the  tha- 
lami, and  pathology  has  shown  that  lesions  of  one  of 
those  centres  have  as  often  affected  the  upper  as  the 
lower  extremities.  In  cases  of  softening  of  the  brain  I 
have  had  to  treat  in  St.  Vincent's  Hospital,  I  have  often 
met  with  paralysis  of  the  lower  extremities  in  cases 
where,  from  amaurosis,  there  was  reason  to  believe  the 
thalamus  the  seat  of  the  disease — an  opinion  in  one  case 
verified  by  dissection. 

The  Corpus  Striatum  has  much  more  grey  matter, 
which  coats  its  surface,  and  is  arranged  in  plates  between 
the  fibres  traced  up  from  the  cord.  The  anterior  com- 
missure joins  them  to  each  other,  and  the  ta9nia  acts  as 
a  longitudinal  commissure.  From  the  connexion  of  this 
body  with  the  hemispheres  and  the  pyramids  and  anterior 
columns  of  the  cord,  their  office  has  something  to  do 
with  voluntary  motion,  and  disease  of,  or  removal  of 
them,  paralyzes  the  opposite  side  of  the  body,  owing  to 
the  decussation  of  the  pyramids. 

The  organs  we  have  heretofore  considered  serve,  in 
the  words  of  Dr.  Kirkes — "  1st.  For  the  direction  and 
government  of  all  the  unfelt  and  involuntary  movements 
of  the  parts  which  they  supply ;  2nd.  For  the  percep- 
tion of  sensations ;  and,  3rd.  For  the  direction  of  such 
instinctive  and  habitual  movements  as  do  not  require 
the  exercise  of  judgment,  deliberation,  memory,  or  any 
other  intellectual  act." 
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The  distinctness  of  the  fibres  in  that  prolongation  of 
the  cord  into  the  cranial  cavity — which  might  be  conve- 
niently denominated  the  cranial  axis,  from  those  in  the 
white  matter  of  hemispheres — is  insisted  on  by  Kdllilcer, 
who  states  all  the  former  end  in  the  ganglia  above  the 
crura  cerebri ;  and  this  view  accords  well  with  the  sepa- 
ration of  corporeal  and  psychical  operations,  and  with 
the  absence  of  pain  when  the  hemispheres  are  irritated. 

We  now  proceed  to  briefly  sketch  that  portion  of  the 
nervous  system  which  fulfils  the  noblest  function. 

Man's  Brain  exceeds  that  of  nearly  all  animals  in 
weight,  and  all,  without  exception,  in  the  preponderance 
of  the  hemispheres  and  the  relative  size  of  the  brain 
and  that  of  the  nerves  which  issue  fr'om  it.  The  average 
weight  is  3  ft,  or  nearly  50  oz.,  being  about  z's  of  the 
weight  of  the  body,  whereas  that  of  the  seal  is  said  to 
weigh  more,  and  in  the  canary  and  some  other  birds  it 
forms  2^4.  In  some  fishes  its  proportion  is  said  to  be 
as  1  to  5,668.  The  brain  of  woman  weighs  usually 
about  5  oz.  less  than  that  of  man.  The  brains  of  several 
individuals  distinguished  for  exalted  mental  power  have 
been  weighed  and  found  remarkable  ;  but  the  proportion 
between  the  hemispheres  and  the  cerebral  nerves  and 
other  encephalic  masses  and  the  entire  body  would  have 
afforded  more  valuable  statistics.  The  accuracy  of  some 
of  the  following  weights  has  been  questioned :  Crom- 
well, 100  oz. ;  Byron,  79  ;  Cuvier,  64^  ;  Dr.  Abercrom- 
bie,  63 ;  Dupuytren,  58  ;  Lord  Campbell,  53|-.  Tiede- 
mann  found  the  brains  of  two  idiots  respectively  20 
ounces,  4  drachms ;  and  23  ounces,  4  drachms.  In  the 
transactions  of  the  Anthropological  Society,  Dr.  Gore 
furnishes  an  account  of  a  female  aged  42  years  whose 
brain,  without  the  membranes,  weighed  2  ounces  and  5 
grains,  it  being  the  smallest  mature  human  brain  on 
record.  She  was  5  feet  high,  and  her  intellect  was  in- 
fantile. If  the  extent  of  the  convoluted  surface  could 
be  readily  measured,  it  would  probably  indicate  more 
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sm-ely  the  intellectual  power.  It  has  been  computed 
that  the  surface  of  cerebrum  and  cerebellum  measui-es 
670  square  inches.  We  have  before  mentioned  that 
varieties  of  men  differ  more  in  the  relative  position  of  dif- 
ferent portions  of  brain  than  in  actual  capacity  of  cranial 
cavity,  and  this  has  been  lately  demonstrated  before 
the  British  Association  by  Prof.  Corhett  of  Queen's  Col- 
lege, Cork,  who  measured  several  aboriginal  Australian 
crania  by  sealing  up  the  foramina,  and  pouring  in  fine 
sand.  He  found  the  cranial  capacity  equal  to  the  ave- 
rage European,  and  the  cerebellar  compartment  not 
larger.  In  contrast  with  that  of  man,  it  may  be  noted 
that  the  horse's  brain  weighs  about  19  ounces,  and  that 
of  a  whale,  75  feet  long,  but  70J. 

The  Cerebral  Convolutions  are  not  symmetrical,  with 
the  exception  of  three — the  ourlet,  the  island  of  Reil, 
and  that  internal  to  the  olfactory  nerve.  The  arrange- 
ment has  the  advantage  of  increasing  the  grey  surface, 
and  also  that  of  the  pia  mater  which  feeds  the  brain. 
They  are  absent  in  all  animals  below  rodentia,  and 
thence  become  developed  according  to  the  amount  of  in- 
telligence of  the  animal.  The  convolutions  are  not  rolled 
up  without  evident  plan,  for  Leuret  and  Owen  have  found 
primary  grooves  in  all  animals  which  have  convolutions, 
and  higher  development  is  attained  by  more  branching 
and  greater  depth.  Those  of  the  anterior  lobe  are  me- 
dium-sized, and  run  forwards  and  outwards ;  those  of 
the  middle  are  large,  white,  and  run  directly  outwards ; 
those  of  the  posterior  lobe  are  very  small,  and  run  back- 
wards and  outwards.  The  great  mass  of  white  neurine 
enclosed  in  the  convoluted  grey  cortex,  consists  of  fibres 
diverging  fi-om  the  optic  thalami  and  corpora  striata, 
and  of  commissural  fibres,  which  latter,  so  abundant  in 
man,  Reil  called  "  the  nerves  of  the  internal  senses." 

Cerebral  Commissures  are  longitudinal,  transverse, 
and  vertical.  The  following  are  longitudinal — the  inter- 
gyral  fibres,  which  unite  convolutions  just  where  the 
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grey  and  white  neurine  come  in  contact  ;  the  ourlet, 
which  runs  along  the  edge  of  the  corpus  callosum,  join- 
ing the  hippocampi  and  anterior  lobe  ;  the  fornix,  which 
consists  of  iibres  from  the  hippocampi,  forming  in  front 
the  anterior  pillars  which  curve  round  the  foramen  of 
Munro,  join  the  tasnia  and  habenas  of  pineal  gland,  and 
constitute  the  corpora  albicantia  in  the  circle  of  Willis. 
The  t^nia  and  habenae  are  also,  probably,  longitudinally 
commissural.  The  transverse  commissures  are  the  cor- 
pus callosum,  uniting  one  centrum  ovale  to  the  other ; 
the  anterior  commissure,  a  white  round  cord  between 
the  corpora  striata  ;  the  middle,  which  is  a  soft  grey 
band  joining  the  thalami ;  and  lastly,  the  posterior,  a 
white  band  which  runs  from  one  thalamus  and  nates, 
across  the  passage  from  the  3rd  to  the  4th  ventricle,  to 
those  of  the  opposite  side.  The  only  vertical  commis- 
sure is  the  septum  lucidum,  which  dips  between  the 
lateral  ventricles  from  corpus  callosum  to  fornix.  Ana- 
tomists describe  5  ventricles,  namely,  the  two  lateral, 
the  third,  fom'th,  and  fifth,  which  latter  only  exists  in 
foetal  life.  Dropsical  effusion  distended  this  cavity  in  an 
interesting  case  recorded  by  the  late  Dr.  M'Dowel.  They 
are  all  lined  by  arachnoid,  which  bends  in  through  the 
canal  of  Bichat;  but,  like  another  serous  offset,  the 
tunica  vaginalis,  the  communication  becomes  occluded. 
We  have  elsewhere  alluded  to  the  cilia  and  corpora 
amylacea,  which  can  be  found  in  the  ventricles.  All 
these  cavities  were  shown  to  communicate  by  the  in- 
genious expedient  of  steeping  the  brain  in  water,  and 
then  freezing  it.  Under  the  epithelium  is  a  coating  of 
grey  neurine,  to  extend  the  surface  of  which  dynamic 
agent  is  their  office. 

Surgical  injuries  which  expose  the  human  brain,  and 
experiments  on  animals,  have  proved  the  remarkable 
fact  that  the  hemispheres  have  no  common  sensibiUty. 
Many  animals  will  survive  their  entire  removal ;  and  with 
them  disappear  all  mental  powers,  a  deep  trance,  as  it 
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were,  overcoming  tlie  individual,  though  common  and 
special  sensation  and  motion  are  retained.  Their  size 
is  proportional  to  the  mental  endowments  of  animals, 
and  of  man  at  various  ages  or  degrees  of  intellectual 
elevation  ;  and  congenital  or  acquired  defects  of  them  are 
attended  by  proportional  deficiency  in  the  higher  facul- 
ties. For  the  above  reasons  we  must  conclude  that 
"  The  convolutions  of  the  brain  are  the  centres  of  in- 
tellectual actions,  and  are  intimately  associated  with  the 
mental  phenomena  of  attention,  association,  and  memory," 
an  opinion  shadowed  forth  by  Willis  in  the  seventeenth 
century.  I  regret  that  space  does  not  permit  me  to 
sketch  the  outlines  of  psychology,  which  is  but  a  de- 
partment of  physiological  science.  The  writings  of  Sir 
W.  Hamilton,  Sir  H.  Holland,  Carpenter,  and  Noble, 
contain  the  clearest  and  soundest  views  on  the  subject. 
Dr.  Wigan  started  the  ingenious  theory  that  the  mind 
was  double,  like  the  parts  of  the  nervous  system  and 
the  organs  of  the  senses.  It  is  well  known  that  the 
lunatic — or,  for  a  short  period,  the  inattentive  student — 
may  pursue  two  trains  of  thought — never  three,  there 
being  but  two  hemispheres.  When,  however,  we  close 
one  eye  or  one  ear,  we  do  not  lose  the  effect,  owing  to 
the  free  decussation  between  opposite  sides ;  and  in  man's 
brain,  in  which  the  commissures  are  so  remarkably 
abundant,  something  similar  may  occur. 

The  Localization  of  Special  Faculties  was  attempted 
by  Gall  and  Spiirzheim,  and  since  their  time  by  a  few 
scientific  enthusiasts  and  many  pretenders.  The  main 
arguments  for  the  opinion  that  each  mental  faculty  has 
a  special  seat,  which  is  the  essential  theory  of  phreno- 
logy, are  as  follows  :  1.  That  other  great  physiological 
operations  have  their  work  apportioned  to  special  organs ; 
thus,  the  stomach,  liver,  intestines,  &c.,  each  perform  a 
peculiar  office  in  the  assimilation  of  food.  2.  No  two 
individuals  are  alike  in  propensities,  talents,  or  other 
mental  faculties,  and  various  degrees  of  general  cerebral 
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development  could  not  account  for  these  peculiarities  ; 
and  increase  in  size  of  various  parts  of  the  cerebral 
mass  has  been  found  after  the  death  of  persons  remark- 
able for  such  speciality.     3.  The  energy  of  special 
mental  faculties  is  increased  or  decreased  at  various 
ages,  and  in  the  insane  alterations  in  one  or  more  of 
the  mental  powers  is  vastly  more  frequent  than  in  all  of 
them  together  ;  and  lastly,  during  dreams  the  action  of 
some  faculties,  which  are  awake  while  others  sleep,  is 
advanced  as  a  strong  argument  for  the  plurality  of  cere- 
bral organs.    It  cannot  be  denied  that  there  is  much 
truth  in  many  of  these  statements,  but  there  is  no  proof 
that  the  seat  of  each  faculty  has  been  ascertained,  or 
that  we  can  judge  of  its  development  by  examination  of 
the  cranium.   And  even  if  we  could,  the  convexity  only, 
and  not  the  depth  of  the  convolution  could  be  estimated  ; 
and  many  parts,  such  as  the  inner  surface  and  base  of 
the  cerebral  hemispheres,  are  certainly  out  of  reach. 
There  is  no  line  of  demarcation  between  the  convolu- 
tions to  which  are  assigned  special  faculties,  so  that  we 
can  hardly  suppose  these  would  be  so  distinct ;  and  any 
special  convolution  is  not  represented  by  a  similar  one 
on  the  opposite  side.    Of  GaU's  system,  Napoleon  justly 
remarked  :  "He  ascribes  to  certain  prominences  pro- 
pensities and  crimes  w^hich  do  not  exist  in  nature,  but 
are  the  growth  of  society,  and  are  merely  conventional. 
What  would  the  organ  of  theft  effect  if  there  were  no 
property?  the  organ  of  drunkenness,  if  there  were  no 
spirituous  liquors  ?  or  the  organ  of  ambition,  if  there 
were  no  society  ?" 

Sleep,  a  state  in  which  one-third  of  our  life  is  passed, 
is  a  subject  full  of  interest  to  the  physiologist.  The 
brain,  in  common  with  all  other  organs,  requires  a  pe- 
riod of  repose,  and  then  all  consciousness  and  voluntary 
motion  is  suspended.  Keflex  actions,  and  many  vital 
processes  under  the  control  of  the  ever-watchful  organic 
nervous  system,  are  still  performed.     The  nature  of 
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sleep  is  liard  to  define,  and  Sir  H.  Holland  says  it  "is 
not  a  unity  of  state,  but  a  series  of  fluctuating  condi- 
tions, of  which  no  two  moments  are  perhaps  strictly 
alike."  The  capability  of  sleeping  at  any  time  exists  in 
some  individuals,  as  is  related  of  Captain  Barclay,  who, 
dm'ing  the  time  he  was  performing  his  favourite  feat  of 
walking  1000  miles  in  1000  hours,  could  sleep  the 
instant  he  lay  down.  Napoleon  is  said  to  have  pos- 
sessed a  similar  power.  The  duration  of  sleep  varies 
much :  Pichegru,  the  celebrated  general,  is  said  to  have 
slept  but  1  in  24  hours  during  a  year's  campaign  ;  and 
John  Hunter  was  satisfied  with  5  hours  habitually. 
Circulation  is  supposed  to  be  more  active  during  sleep, 
for  the  purpose  either  of  increased  nutrition  or  to  restore 
molecular  polarity.  The  darkness  of  night  suggests  the 
period  of  sleep,  as  man  is  essentially  a  diurnal  animal, 
although  the  follies  of  fashionable  life  almost  reverse  his 
nature  in  this  particular.  Travellers  tell  us,  too,  that 
the  inhabitants  of  Central  Africa  sleep  during  the  day, 
and  pursue  their  works  of  business  or  pleasure  during 
the  night. 

Dreams  while  we  sleep,  and  reveries  while  we  are 
awake,  seem  due  to  the  action  of  some  portions  of  the 
cerebrum  while  others  rest.  They  are  examples  of  what 
might  be  termed  "subjective  cerebration,"  or  they  maybe 
excited — as  the  author  of  that  most  pleasing  work,  "  The 
Physiology  of  Common  Life,"  suggests — by  systemic 
sensations  having  some  relation  to  the  subject  of  the 
dream;  for  instance,  the  contact  with  any  cold  object 
will  suggest  a  corpse  ;  the  rattling  of  the  windows,  a 
battle ;  or  the  smell  of  something  burning,  that  the 
house  is  on  fire.  Sir  W.  Hamilton  records,  that  having 
caused  himself  to  be  awakened  at  various  times  of  the 
night,  he  invariably  found  himself  dreaming.  Many 
persons,  especially  those  of  a  hypochondi'iacal  or  hys- 
terical temperament,  are  susceptible  of  a  condition  termed 
somnambulism,'  and  altbongh  in  a  dreamy  state,  they 
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will  perform  many  voluntary  actions,  reply  to  questions, 
and  walk  with  caution  enough  to  avoid  obstacles.  It  is 
a  phenomenon  very  analogous  to  mesmerism,  a  subject 
on  which  Todd  and  Bowman  make  the  following  judi- 
cious remarks  : 

"A  state  remarkably  analogous  to  this  of  somnambu- 
lism may  be  induced  in  persons  of  nervous  temperament, 
which  has  been  called  the  "  mesmeric  sleep,"  or  trance. 
It  requires  for  its  production  the  apparent  influence  of 
another  individual,  who  watches  the  person  experimented 
on  with  an  intent  look,  and  makes  certain  movements 
before  him  which  are  called  "  passes."    All  persons  are 
not  susceptible  of  passing  into  this  state,  any  more  than 
they  are  of  exhibiting  the  phenomenon  of  somnambulism. 
The  same  state  of  constitution  which  disposes  to  the 
latter  is  favorable  to  the  former.     Remarkable  state- 
ments have  been  made,  and  confirmed  by  the  testimony 
of  a  large  number  of  observers,  tending  to  imply  that  in 
these  cases  the  faculties  become  exalted  in  an  extraordi- 
nary manner,  and  that  the  individual  acquires  powers 
of  a  novel  description,  and  even  of  a  superhuman  kind. 
It  behoves  all  sober-minded  persons  to  be  slow  to  accept 
such  statements  as  true,  and,  without  impugning  the 
veracity  of  the  reporters,  to  inquire  whether  they  do  not 
rest  more  upon  a  misinterpretation  than  upon  a  misre- 
presentation of  facts.     The  polar  force  of  the  mental 
nervous  centres  may,  in  this  peculiar  state,  be  so  affected 
as  to  favour  the  development  of  subjective  phenomena, 
which,  it  is  evident,  may  assume  particular  forms  under 
the  influence  of  impressions  made  from  time  to  time 
upon  the  senses.   The  ravings  of  a  delii-ious  or  of  a  luna- 
tic patient,  often  take  a  particular  direction  under  the 
influence  of  a  question  or  remark  let  fall  by  some  by- 
stander ;  it  is  not  unlikely  that  persons,  with  a  mental 
bias  for  the  marvellous,  might  discover  in  such  patients 
quite  as  much  evidence  of  superhuman  power  as  has 
been  adduced  by  the  mesmerists. 
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We  cannot  avoid  remarking  how  much  it  is  to  be 
lamented  that  inquiries  of  so  delicate  a  nature,  affecting 
the  very  confines  between  mind  and  matter,  should  have 
usually  fallen  into  the  hands  of  persons  ill  qualified  for 
such  pursuits,  either  by  mental  constitution  or  by  pre- 
vious experience  in  the  study  of  subjects  involving  both 
physical  and  metaphysical  knowledge.  Little  is  to  be 
expected  in  such  difficult  researches  from  dilettanti  of 
either  sex ;  much  less  from  those  whose  excessive  zeal 
for  novelty  and  notoriety  must  necessarily  cast  suspicion 
on  their  statements.  Nor  can  we  hope  that  truth  can 
be  elicited  from  experiments  and  observations  which  are 
made  before  the  public  gaze,  with  more  of  the  characters 
of  a  theatrical  exhibition  than  of  a  sober  philosophical 
investigation."  With  regard  to  phantasies,  Midler  tells 
us,  "  When  a  person  who  is  not  insane  sees  spectres  and 
believes  them  to  be  real,  his  intellect  must  be  imperfectly 
exercised;"  and  we  must  also  remember  that  "  mysteries 
are  not  necessarily  miracles." 


THE  SYMPATHETIC 

Nervous  system — also  termed  that  of  "  organic  life"  by 
Bichat,  in  contradistinction  to  the  cerebro-spinal,  or  sys- 
tem of  "animal  life" — consists  of  a  chain  of  ganglia 
placed  along  the  vertebral  column,  and  all  connected  by 
gelatinous  nerve  filaments.  The  dorsal  ganglia  have 
the  most  numerous  spinal  filaments.  The  chains  of  op- 
posite sides  are  united  on  the  anterior  communicating 
artery — where  Rihes  discovered  a  ganglion — by  the  solar 
plexus,  and  below  by  the  ganglion  impar  on  the  sacrum. 
The  sympathetic  also  aids  in  forming  the  ganglia  on  the 
cerebral  nerves,  and  those  on  the  posterior  roots  of  the 
spinal  which  have  been  alluded  to.  The  account  of  the 
histology  of  nervous  matter  which  we  have  already 
given,  includes  that  of  the  ganglia  and  branches  of 
iwhich  we  are  now  speaking.    As  an  example  of  the 
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manner  in  which  the  branches  are  distributed,  we  shall 
examine  the  superior  cervical  ganglion.    It  is  probably 
the  largest  in  the  body,  measuring  about  two  inches  in 
length,  and  lying  on  the  first  three  vertebras.  Its 
branches  are — 1.  Ascending  round  the  internal  carotid 
artery  to  the  cavernous  sinus,  where  they  intimately  unite 
with  the  abducens  nerve  and  some  cranial  ganglia.  As 
in  other  positions  where  they  accompany  an  artery,  the 
twigs  entwine  closely,  "hederaB  admodum,"  and  from 
their  softness  were  termed  by  Scarpa  "nervi  molles." 
2.  Descending  to  the  next  ganglion.    3.  External,  com- 
municating with  spinal  nerves  and  their  plexus,  as  all 
ganglia  do.   4.  Laryngeal.    5.  Pharyngeal.    6.  Supe- 
rior cardiac,  which,  with  those  from  the  middle  and 
inferior  ganglia,  aid  in  forming  the  cardiac  plexuses. 
Organs  are  usually  supplied  by  the  ganglia  above  them, 
not  by  those  in  their  own  vicinity,  as  in  the  case  of  the 
heart,  abdominal  viscera,  testes,  &c.    The  accessory 
ganglia  in  and  about  the  heart,  and  the  use  attributed 
to  them,  have  been  mentioned  in  treating  of  that  organ. 
Occasionally  the  chain  of  ganglia  seems  interrupted 
by  the  last  dorsal  and  first  lumbar  having  no  communi- 
cating filament  between  them.    When  an  organ  becomes 
increased  in  size,  the  sympathetic  nerves  of  it  enlarge 
proportionally,  as  may  be  learned  by  comparing  those 
of  the  virgin  and  pregnant  wombs.    Microscopical  in- 
vestigations are  every  year  adding  to  the  number  of 
ganglia  which  have  of  late  been  found  in  the  tissue  of 
the  heart,  stomach,  intestines,  kidney,  uterus,  &c.  It 
is  doubtful  if  any  filaments  pass  into  the  limbs,  but  pra- 
bably  their  arteries  may  carry  some  down.   The  system 
has  been  demonstrated  in  all  vertebrates  save  the  cyclos- 
tomatous  fishes,  in  which  the  vagus  probably  performs 
its  functions. 

The  Function  of  the  sympathetic  is  not  easy  to  deter- 
mine, as  so  many  cerebro-spinal  nerves  communicate 
with  it.    No  direct  cerebro-spinal  nerves  reach  the  iu- 
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Pneiimogastric  2.  Its  lury^igeal ganglion  (  Sir  A.  Cooper).  3.  Pluiry,,. 
geal  branch  oJ  spituil  accessory.  4.  Guslntory.  5.  Internal  carotid. 
6.  Superior  laryngeal.  7.  Its  crico-thyroid  branch.  8.  Pharyngeal 
plexus ^  J^.  Left  recurrent.  10  and  11.  Cardiac  branches  of pneumoga.'^- 
tric.  12.  Left  pneumogastric  in  front  of  oesophagus.  13.  Posterior 
pulmonary  pU-xus.  \5.  Lingual.  IC.  Glosso-pluirtngeal.  17.  Spinal 
TTrf/  ^^^■^Z'"^'^' third- and  fourth  ceicical.    21.  PhLir 

22  Fifth  cermcaL  U.  Brachial  plexus.  24.  2f,.  28.  Superior,  middle 
<md  inferior  cermcal  ganglia.  -^7,  28,  29.30.  First,  second,  tidrd,  and 
fourth  dorsal  ganglia.  >  v  u,«i. 
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testines,  yet  irritation  of  the  solar  plexus  will  produce 
■vigorous  peristaltic  movements,  except  in  the  tench,  as 
the  muscular  fibres  of  the  alimentary  canal  are  striated ; 
and  their  sensibility  is  shown  by  the  torture  which  over- 
distension of  the  colon  produces.    It  cannot,  however, 
be  confidently  asserted  that  these  effects  are  due  to  the 
true  sympathetic,  as  it  derives  many  nerve-tubes  from 
the  posterior  roots  of  the  corresponding  spinal  nerves, 
irritation  of  which  will  produce  identical  results.  Sen- 
sitive impressions,  unless  intense,  are  not  felt,  or  are 
slowly  carried  along  sympathetic  fibres,  and  it  was  once 
thought  that  their  pm'pose  was  "to  cut  off  sensations." 
Motor  influence  is  also  slowly  conducted,  and  thus  what 
is  called  rhythmical  contraction  is  produced.  As  implied 
by  the  name — which  notwithstanding  so  many  objections 
has  so  long  adhered  to  it,  it  was  once  supposed  to  be 
the  exclusive  seat  of  sympathies,  harmonizing  all  nervous 
actions,  and  its  free  communications  gave  support  to  the 
notion.  The  discovery,  however,  in  1727,  by  rourfour 
du  Petit,  that  section  of  the  cervical  portion  gave  rise  to 
suffused  conjunctiva,  which  protruded  into  what  is  called 
"the  haw"  and  contracted  pupil,  led  the  way  in  ascer- 
taining its  most  important  functions.    We  have  ah'eady 
alluded  to  the  experiments  which  demonstrated  its  in- 
fluence on  animal  heat  and  the  secretion  from  glands 
(see  pages  173  and  179) ;  and  Brown-Sequard  has  ob- 
tained scarcely  less  important  results  as  regards  its  vaso- 
motive  action  and  consequent  control  over  nutrition  and 
other  organic  processes.    He  found  that  placing  one 
hand  in  ice-cold  water  lowered  the  temperature  of  the 
other,  although  no  great  depreciation  took  place  in  the 
system  at  large ;  that  this  was  due  to  the  influence  of 
the  sympathetic  he  inferred  fi-om  the  fact,  that  stimula- 
tion of  that  nerve  in  the  neck  produces  contraction  of 
the  vessels  and  diminished  temperature,  or  exactly  oppo- 
site results  to  those  produced  by  section  of  it.    A  still 
more  convincing  experiment  was  suggested  and  performed 
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by  the  reviewer  of  the  works  of  Broivn-Sequard  in  the 
"Natural  History  Keview,"  July,  1861.  A  bat's  wing 
is  placed  in  the  field  of  a  microscope,  and  an  artery  in 
it  accurately  measured  with  the  eye-piece  micrometer ; 
now  if  ice  be  applied  to  the  opposite  wing  the  vessel  can 
be  seen  to  contract  or  even  close  completely.  The  dis- 
covery of  the  constriction  of  blood-vessels  by  stimula- 
tion of  the  sympathetic  was  made  also  simultaneously  by 
Brown- Sequard,  Bernard,  and  Dr.  A.  Waller. 

The  occurrences  which  these  physiologists  have  ob- 
served to  take  place  when  the  cervical  portion  of  sympa- 
thetic is  divided,  and  when  it  is  stimulated  by  galvanism, 
are  here  compared : 


SECTION. 

Pupil  contracts. 

Eyelids,  including  nictitating 
membrane,  partially  close. 

Eye  shrinks. 

Mucus  increases 

Vessels  dilate,  flow  of  blood  in- 
creases. 

Temperatm'e  increases. 

Sensibility  and  irritability  in- 
crease and  last  longer  after 
death 

Strychnia  causes  convulsions 
more  readily. 

Muscular  galvanic  current  is 
stronger. 

Rigor  mortis  comes  later,  lasts 
longer. 

Putrefaction  comes  later. 

Injection  of  arterial  blood  re- 
stores contractiUty  for  a 
longer  time. 


GALVANIZATION. 

Pupil  dilates. 
EyeUds  partially  open. 

Eye  protrudes. 

Mucus  decreases. 

Vessels  contract,  flow  of  blood 
decreases. 

Temperatui'e  decreases. 

Sensibility  and  irritability  de- 
crease and  disappear  sooner 
after  death. 

Strychnia  causes  convulsions 
less  readily. 

Muscular  galvanic  current  is 
weaker. 

Rigor  mortis  comes  sooner,  lasts 
less  time. 

Putrefaction  comes  sooner. 

Injection  of  arterial  blood  re- 
stores contractility  for  a 
shorter  time. 


To  account  for  the  increased  action  which  occurs  when 
the  sympathetic  is  injured,  it  is  suggested  that  it  may 
have  an  inhibitory  or  preventive  function.  Section  of 
the  spmal  cord  leads  to  effects  quite  similar  to  those  pro- 
duced by  that  of  the  sympathetic,  and  it  is  not  certain 
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whether  this  is  due  to  fibres  of  this  system  passing  up 
through  the  cord,  or  to  the  action  of  that  nervous  centre 
itself.  If  one-half  of  the  cord  be  divided,  the  limb  on 
the  same  side  has  its  vessels  soon  dilated,  its  sensibility- 
augmented,  and  its  temperatm-e  increased,  so  that  the 
vaso-motor  fibres  do  not  decussate  till  the  pyramids, 
where  the  ordinary  motors  also  cross.  Again,  Lister  has 
shown  that  irritation  of  the  cord  in  the  frog  will  produce 
contractions  of  the  vessels  of  the  web,  and  the  same  efiect 
may  be  produced  by  galvanising  the  anterior  roots  of  the 
sciatic  nerve  within  the  canal  of  the  large  edible  frog. 
Division  of  the  roots  produces  dilatation  of  the  vessels, 
increased  circulation,  and  more  rapid  absorption  of  poi- 
sons. Some  recent  experiments  show,  that  section  of 
the  cerebro-spinal  nerves  which  join  the  sympathetic 
produces  the  effects  upon  the  eye  usually  assigned  to  sec- 
tion of  the  sympathetic ;  and  if  the  latter  nerve  be  di- 
vided between  ganglia,  no  effect  on  the  eye  follows. 
Brown- Sequard  believes  that  irritation  of  a  centripetal 
nerve  may  produce  either  constriction  or  enlargement  of 
remote  vessels ;  and  I  quote  from  him  the  following  pas- 
sage, as  showing  the  great  pathological  interest  of  these 
inquiries  :  "  Suppose  a  worm  in  the  bowels  irritating 
their  centripetal  nerve  fibres,  the  irritation  is  propagated 
to  the  spinal  cord,  which  reflects  it  upon  the  roots  of  the 
cervical  sympathetic  nerve,  by  which  it  reaches  the  blood- 
vessels of  the  retina,  produces  their  contraction,  and,  as 
a  consequence  of  this  cause  of  diminution  in  the  amount 
of  blood,  an  amaurosis.  If,  instead  of  the  reflex  action 
on  the  blood-vessels  there  is  an  action  on  the  tissues,  as 
in  the  case  of  the  experiments  of  Bernard,  the  blood- 
vessels dilate  and  more  blood  passes  through  them.  The 
cornea,  for  instance,  is  irritated ;  its  centripetal  nerve 
fibres  transmit  the  irritation  to  the  pons  vai-olii,  which 
reflects  it  upon  the  retina,  the  lacrymal  gland,  the  con- 
junctive, &c. ;  more  blood  is  attracted  by  all  these  parts, 
their  blood-vessels  dilate,  and  the  consequences  of  a 
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greater  amount  of  blood  becomes  manifest — increase  of 
tears,  photophobia,  &c."  Du  Bois  Reymond  assigns  as 
the  cause  of  hemicrania,  from  which  he  suffers  intensely, 
tetanic  contraction  of  the  arteries  of  the  affected  side 
produced  by  the  sympathetic. 

We  shall  return  to  this  subject  when  reviewing  the 
pathology  of  innervation. 


QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  What  is  the  composition  of  brain  matter,  and  does  it  vary 
with  the  superiority  of  its  function  ? 

2.  Describe  the  structiire  of  a  nerve-tube. 

3.  Do  nerves  anastomose,  and  in  what  way  do  they  terminate  ? 

4.  What  proofs  can  you  offer  that  divided  nerves  re-unite  ? 

5.  Enumerate  the  electric  fishes,  and  show  that  the  agent  they 
emit  is  identical  with  electricity  set  free  by  ordinary  means. 

6.  State  the  uses  of  the  membranes  of  the  cerebro-spinal  axis, 
noting  any  differences  which  occur  in  different  parts  of  it. 

7.  Describe  the  external  form  of  the  cord. 

8.  Mention  any  experiments  which  show  the  functions  of  the 
cord. 

9.  What  are  the  functions  of  the  roots  of  the  spinal  cord,  and 
how  can  they  be  shown  ? 

10.  What  functions  have  been  assigned  to  the  cerebellum  ? 

11.  Enumerate  the  cranial  gangha  and  the  commissures  between 
them. 

12.  What  functions  have  been  assigned  to  the  sympathetic 
system  ? 

SENIOR. 

1.  Sketch  the  histology  of  dynamic  neurine. 

2.  Contrast  the  position  and  structure  of  gelatinous  and  cylin- 
drical nerve-tubes. 

3.  Explain  the  structure  and  uses  of  a  ganglion  and  a  plexus. 

4.  What  theories  of  nervous  force  have  been  started,  and  in 
what  particulars  do  it  and  electricity  seem  to  differ  and  to  agree  ? 

5.  Say  what  you  know  of  the  luminosity  of  animal  bodies. 

6.  Are  the  quantity  of  blood  and  superincumbent  pressure  of  the 
brain  the  same  at  aU  times  ?  Give  any  facts  and  arguments  wliich 
bear  on  the  questions. 

7.  Sketch  fully  the  appearances  seen  upon  a  transverse  section 
of  the  cord  visibly  and  microscopically. 


CILIARY  MOTION- 


8.  Explain  and  illustrate  reflex  nervous  phenomena  in  health 
and  disease. 

9.  What  are  the  eflfects  of  section  of  one  half  of  the  spinal  cord  ? 

10.  Descrihe  the  structure  and  functions  of  the  medulla  oblon- 
gata. 

11.  Adduce  as  many  arguments  as  you  can  for  and  against 
phrenology. 

12.  Enumerate  and  explain  the  effects  which  follow  section  of 
the  cervical  portion  of  the  sympathetic  system  ?  What  other  sec- 
tion is  said  to  produce  similar  effects  on  the  eye  ? 


MOTION 

Is  exhibited  in  animal  bodies,  usually  in  three  ways — 
molecular,  ciliary,  and  muscular ;  the  fii'st  of  which  is 
common  to  the  vegetable  and  inorganic  kingdoms,  and 
was  discovered  by  Robert  Broivn,  after  whom  it  is  often 
named.  It  is  easily  seen  when  fine  particles  are  sus- 
pended in  a  fluid ;  gamboge  when  rubbed  up  in  water 
shows  it  readily.  The  movements  called  cyclosis  in  the 
characeae — which  are,  however,  very  regular  and  not  in- 
fluenced by  evaporation — and  that  of  the  pollen  of  plants, 
may  be  of  this  nature.  It  has  been  said  to  be  due  to  cur- 
rents produced  by  evaporation  (it  will  sometimes,  how- 
ever, go  on  in  vessels  hei'metically  sealed,  or  in  oil  which 
is  not  volatile),  by  the  light  heating  the  surface  of  the 
fluid,  by  vibrations  produced  in  the  room  where  the  ves- 
sels lie,  or  by  gravitation.  The  movements  of  the  blood- 
cells,  and  of  the  fibres  of  Jacob's  membrane,  are  some- 
times regarded  as  molecular. 

Ciliary  Motion  may  be  seen  on  the  lachrymal,  nasal, 
and  bronchial  surfaces,  on  that  of  the  Fallopian  tubes, 
and  for  a  few  lines  on  the  peritoneum  where  they  end  in 
the  fimbriae,  and  on  the  minute  seminiferous  and  urini- 
ferous  passages.    Cilia  are  much  more  abundant  in  the 
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lower  forms  of  animal  life,  serving  for  the  introduction  of 
nutritive  matter  and  the  removal  of  that  which  is  effete. 
The  only  serous  membrane  which  is  ciliated  in  man  is 
the  arachnoid  in  the  ventricles;  but  the  pericardium, 
peritoneum,  &c.,  are  ciliated  in  reptiles.  Cilia  are  about 
loW  in  length,  are  thickly  set  in  rows  on  columnar  epi- 
thehum.  Those  of  the  tracheal  cells  are  shown  upon 
p.  152.  Their  motion  is  very  remarkable  when  watched 
by  the  microscope;  they  wave  usually  towards  orifices, 
and  all  bend  at  once,  like  corn  when  affected  by  the  wind, 
sometimes  they  sweep  round,  like  the  feathering  of  an 
oar.  A  little  powdered  charcoal  makes  their  movements 
more  apparent.  They  move  long  after  muscular  motion 
has  ceased ;  thus,  the  tracheal  cilia  of  man  have  been 
seen  to  wave  7  days  after  death,  and  those  of  the  oeso- 
phagus of  the  turtle  19  days,  when  the  body  was  becom- 
ing putrid.  Ciliai'y  motion  is  best  preserved  by  a  uni- 
form degree  of  moisture  and  temperature,  and  continues 
longest  in  blood — whereas  bile  checks  it  at  once.  It 
appears  to  be  independent  of  muscular  or  nervous  force, 
as  it  remains  so  long  after  their  departure,  and  even 
upon  one  separated  epithelial  cell ;  and  electricity,  prussic 
acid,  or  opium,  do  not  affect  it.  Spermatozoa  are  re- 
garded by  some  as  cells  with  single  cilia.  The  enlarge- 
ment and  contraction  of  the  cell  by  osmose  is  probably 
the  cause  of  the  motion  of  the  cilia ;  and  such  motions  in 
plants  as  the  folding  of  the  leaves  of  the  sensitive  plant, 
the  bending  of  the  stamens  of  the  barberry,  and  the 
closing  of  the  venus's  fly-trap,  are  believed  to  be  analo- 
gous. 

Locomotion  is  a  faculty  possessed  by  nearly  all  ani- 
mals, and  there  is  nothing  analogous  among  plants.  In 
man,  the  organs  concerned  in  this  function  are  either 
active— as  the  muscles,  under  the  command  of  the  cere- 
bro-spinal  system— or  passive,  including  the  bones,  with 
the  ligaments  which  bind  them  together ;  the  cartilages, 
which  render  their  ends  smooth  and  elastic  ;  the  syno- 
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vial  membranes,  which  obviate  friction ;  and  the  areolar 
and  adipose  tissues,  which  connect,  yet  separate  and 
pack  all  the  apparatus  of  motion. 

Fibrous  Tissue,  which  composes  all  ligaments,  ten- 
dons, fasciae,  and  areolar  matter,  is  of  two  kinds — 1. 
White,  inelastic  threads  placed  parallel  to  each  other, 
like  a  skein  of  silk,  and  loosely  connected  by  areolar 
tissue.    Acetic  acid  swells  and  softens  the  fibres,  and, 
by  bringing  nuclei  into  view,  shows  that  it  was 
developed  in  cells  arranged  lineally.    Gelatin  ^ 
is  produced  by  boiling.    Its  physical  proper-  '  ' 
ties  are,  a  glistening  silvery  whiteness,  flexi- 
bility, and  such  tenacity  that  1,000  lb  force  is  I  J 
required  to  rupture  the  tendo  achillis.  The 
strength  of  muscle  is,  however,  greater  during  i  I 
life.    This  tissue  is  but  slightly  vascular  and  K^'^m 
sensitive  during  health,  but  its  unyielding  l-jiil^^ 
nature  gives  rise  to  great  pain  under  inflam-  jSk 
mation.    It  is  used  in  the  construction  of  rlrt  K 
funicular,  fascicular,  or  capsular  ligaments,  L  *g  VL 
to  bind  bones  together ;  in  tendons,  through  ^  w  w| 
which  muscles  act  with  greater  efficacy,  while  j  ^  Jv 
bulk  is  reduced ;  in  aponeuroses,  which  confine  !    1  pi( 
muscles  ;  in  the  coating  of  bone  and  fibro-carti-  j^^^-^g  p^. 
lage ;  and  in  protecting  the  brain  (dura  mater),  brousTume. 
eye  (sclerotic),  testis  (tunica  albuginea),  &c.    Its  repa- 
ration is  accomplished  by  a  soft  blastema,  which  gradu- 
ally assumes  the  fibrous  character. 

2.  Yellow  elastic  tissue  is  made  up  of  finer  fibres, 
ranging  from  j^ioo  to  -jcV^,  with  sharp,  distinct  margins, 
and  having  a  tendency  to  divide  transversely,  as  if  made 
up  of  cells.  These  more  readily  split  up  into  2  or  3 
smaller  threads  which,  however,  exceed  the  diameter  of 
the  primary  fibre,  and  which  curl  back  on  themselves, 
like  celery  dressed  for  table.  Prolonged  boiling,  acids, 
or  the  digestive  or  putrefactive  processes,  but  slightly 
affect  this  tissue.    From  being  stained  yellow  by  nitric 
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acid,  and  red  by  Millon's  reagent,  it  is  regarded  as 
intermediate  between  syntonin  and  gelatin,  some  che- 
mists assigning  the  formula  C48  H38  Ne  Oie,  or  protein 
and  2  equivalents  of  water.  Nothing 
is  known  of  its  development  or  repro- 
duction. It  possesses  the  valuable 
property  of  elasticity,  which  produces 
force  always  antagonistic  and  secondary 
to  muscular  power.  It  is  nearly  as 
elastic  as  india-rubber,  and  regains 
this  property  on  being  moistened, 
although  dried  up  for  months.  The 
ligamenta  subflava,  middle  coat  of 
arteries,  vocal  cords,  crico-thyroid, 
thyro-hyoid,  and  stylo-hyoid  ligaments, 
epiglottis,  the  tissue  between  the  tra- 
cheal rings  and  the  calceo-scaphoid 
ligament,  which  gives  the  spring  to 
the  foot,  are  examples  of  it.  In  quad- 
rupeds the  abdominal  walls  and   the  Yellow  Elastic  Tisme. 

ligamentum  nuchse,  which  supports  the  head  of  a  grazing 
animal  more  constantly  than  muscles  could,  contain 
much  of  it. 

Areolar  Tissue  is  the 
most  universal  of  the  consti- 
tuents of  the  body.  As 
the  "  superficial  facia,"  it 
spreads  under  the  skin, 
tying  it  to  deeper  parts, 
and  giving  a  nidus  for  fat ; 
it  separates,  yet  connects 
muscles  and  other  parts — 
hence  named  conjunctival 
by  Henle ;  as  the  paren- 
chyma, it  constitutes  the 
matrix  of  most  solid  or- 
gans ;   and,  lastly,  forms  pads  for  the  protection  of, 
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and  smooth  capsules  for  the  free  motion  of  such  organs 
as  the  eye,  which  O'Ferrall  has  shown  is  enveloped  in 
an  exquisite  structure  he  has  named  tunica  vaginalis 
oculi."  When  inflated  and  dried,  this  tissue  is  seen  to 
consist  of  spaces  freely  communicating — hence  the  im- 
propriety of  the  term  "  cellular,"  given  to  it  by  W. 
Hunter.  Its  areola  permit  the  transmission  of  air  (em- 
physema), serum,  (anasarca),  blood  (ecchymosis),  and 
other  fluids,  over  a  great  extent  of  surface.  It  consists 
of  threads  of  the  white  and  yellow  elements  woven  most 
inextricably  together,  but  distinguishable  by  acetic  acid, 
which  exhibits  nuclei  in  the  former ;  and  the  tissue  is 
generated  by  cells  elongating,  and  joining  in  lines.  Like 
both  kinds  of  fibrous  tissue,  it  is  very  slightly  vascular, 
although  many  vessels  pass  through  it  en  route  to  the 
skin ;  and  any  strangulation  of  them,  as  in  anthax,  will 
cause  death  of  the  latter.  Its  toughness,  extensibility, 
and  elasticity  are  admirably  proportioned  to  mobility  of 
each  part — thus,  it  is  loose  and  abundant  in  the  axilla, 
orbit,  and  by  the  sides  of  the  rectum ;  almost  absent  in 
firm  glands — heart,  brain,  bone,  or  teeth ;  and  most  elastic 
about  joints  and  the  abdomen. 

Fat,  the  chemistry  of  which  we  have  treated  of  already, 
is  contained  abundantly  in  the  meshes  of  the  areolar  tissue. 
It  is  contained  in  cells  from  300  to  sho  in  diameter — sphe- 
roid if  single,  or  polyhedral  by 
mutual  pressure.  The  cell-wall 
is  extremely  thin,  and  being 
moistened  by  serum,  as  Paget 
remarks,  does  not  allow  the  fat 
to  exude.  Capillaries  are  looped 
round  each  cell.  Adipose  and 
areolar  tissues  are  not  always  Fat-ceib  surrounded  by  loops  of 
co-existent  in  equal  amount ;  CapUiariet. 
in  canceli  of  bone,  mesentery.  Haversian  masses,  &c., 
we  find  fat  with  scarcely  any  areolar  tissue,  the  reverse 
being  the  case  in  the  eye-lids,  about  the  penis,  scrotum. 
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and  bladder,  and  along  the  median  line  of  the  body.  It 
seems  to  have  no  proper  nerves  or  lymphatics.  It  is 
mechanically  useful  in  padding  exposed  situations,  its 
particles  freely  moving,  and  it  obviates  pressure,  like  a 
water  cushion,  and  in  retaining  the  heat  within  the  body, 
for  which  reason  it  is  most  abundant  externally  in  early 
life,  and  in  aquatic  mammals,  as  the  whale,  seal,  &c. 
In  old  age  and  corpulent  persons  it  heaps  about  the  vis- 
cera, as  the  heart,  liver,  mesentery.  It  lessons  the 
brittleness  of  the  bones,  and  forms  cushions  in  many 
joints.    Its  calorific  office  has  been  before  considered. 

Cartilage  may  be  "temporary"  and  afterwards  be- 
come bone  ;  or  "  permanent,"  which  may  be  subdivided 
into  "  articular,"  covering  the  ends  of  bones,  or  fibro- 
cartilage,"  which  builds  up  such  organs  as  the  external 
ear,  nose,  larynx,  &c.  Simple  cartilage,  as  that  which 
encrusts  the  end  of  any  of  the  long  bones,  consists  of 
oval  cells  with  numerous  granular  nuclei,  such  as  repre- 
sented in  the  lower  part  of  the  next  figure,  embedded  in 
a  structureless  matrix  or  hyaline  substance.  Prof. 
Beale  regards  this  hyaline  substance  merely  as  the  walls 
of  the  cells,  proving  the  analogy  between  cartilage  and 
such  tissues  as  epithelium,  which  plainly  are  wholly 
cellular.  The  cells  are  often  grouped  in  twos  and  threes, 
and  are  flatter  towards  the  surface.  It  is  covered  by  a 
delicate  film  of  synovial  epithelium,  as  demonstrated  by 
Henle,  especially  in  the  foetus.  This  covering  and  the 
"  circulus  articuli  vasculosus"  of  W.  Hunter  supply  them 
freely  with  blood.  It  is  of  a  pearly  white  colour,  be- 
coming yellow  when  dry. 

Fibre- cartilage  is  often  membraniform,  tough,  elastic, 
and  covered  by  a  membrane,  the  perichondrium,  which, 
like  periosteum,  conducts  nutrient  vessels.  Inter-arti- 
cular fibro-cartilages,  in  which  the  fibrous  element 
abounds,  are  found  in  the  following  joints — knee,  tem- 
poro-maxillary,  sterno-clavicular,  that  between  ulna  and 
cuneiform,  vertebrae  and  heads  of  ribs,  and  sometimes 
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between  acromion  and  clavicle.   They  are  of  a  discoid  or 
meniscoid  shape,  and  afford  a  moveable  and  concave  sur- 
face for  the  rounded  bone.    The  glenoid  and  cotyloid 
ligaments  surrounding  the  brim  of  the  glenoid  cavity  and 
acetabulum,  and  the  posterior  tibio-fibular  ligament,  are 
of  similar  structure.    As  we  shall 
find  hereafter,  the  elastic  lamina 
of  the  cornea,  capsule  of  lens,  and 
zona  pellucida  of  the  ovum,  present 
many  analogies  to  the  hyaline  base 
of  cartilage.    The  microscope  has 
not  yet  detected  vessels  in  cartilage 
large  enough  to  carry  the  red  cells  ; 
but  in  temporary  cartilage,  espe- 
cially, there   are  vascular  canals 
transmitting  the  plasma  of  the  blood, 
and  as  the  vessels  of  the  synovial 
membrane  and  bone  form  many 
vascular  loops  in  their  immediate 
vicinity,    we    cannot    call  them 
extra- vascular."     Toynbee,  how- 
ever, states  that  cartilage  is  sepa- 
rated from  bone  by  an  impenetrable 
lamella.  We  owe  all  our  knowledge 
of  the  pathology  of  the  articular 
cartilages  to  the  masterly  investiga- 
tions  of   Prof.  Redfefii,  now  of 
Queen's    College,   Belfast.  The 
changes  which  occui"  in  what  is 
usually    termed    ulceration,  but 
which  is  really  a  process  of  abnor- 
mal nutrition,  he  describes  as  fol- 
lows:  "  They  consist  in  the  gradual  '"'^i^ ^ZJ^ [I^J^; 
enlargement  and  roundmg  of  the  tiie  Ceiu,  and  tiw  splitting 
cells  which  become  filled  with  a  mul-  t^^'^'lZr^^^. 
titudo  of  corpuscles,  which,  on  the  lied/em. 
bursting  of  the  cells,  are  discharged  into  the  texture,  and 
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removed  from  it  by  changes  to  be  afterwards  shown.  The 
hyahne  substance  sphts  into  bands  and  fibres,  and  is 
subsequently  disintegrated  and  removed  from  the  part." 
These  two  figures — selected,  with  his  kind  permission, 
from  the  great  number  which  illustrate  Prof.  Hedfenis 
work — exhibit  the  changes  which  occur.  In  the  first,  the 
splitting  into  fibres  has  taken  place.  In  the  second,  the 
cells  are  as  numerous  as  in  temporary  cartilage,  and 
some  have  burst,  leaving  spaces  in  the  hyaline  sub- 
stance. In  many  instances  he  has  shown  the  "  conversion 
of  the  nuclei  into  fatty  granules  and  globules."  We 
shall  again  allude  to  these  most  important  discoveries 
when  describing  inflammation. 

Serous  Sacs  envelop  all  organs  which  move  in  per- 
forming their  functions  ;  and  synovial  membrane,  which 
is  of  the  same  nature,  surround  bones  where  they  are 
joined  together,  or  lie 
about  tendons  where 
they  require  to  move 
easily  over  a  bony 
point.  BicJiat  be- 
lieved that  serous 
membranes  were  of 
use  in  isolating  any 
disease  attacking  an 
organ.  Each  sac  con- 
sists of  two  portions — 
a  parietal,  which  lines  P 

the  walls  of  the  cavity ;  I?  _  _ 

and  a  visceral,  which  iipli^l^a 

coats  the  part  within,  |pl|lti^ft^S^^^^^Si 
butbecomeacnnt.innnnaii^'K    °  §Mm^^^^^^^M^Mf^^^ 


but  becomes  continuous  ,  ^^'*:^:'*'^^^m'-'''>^'1'''-''1^ 
at  several  points,  espe-  1|k2."'<  ]  '^^  7m. 
cially  where  the  vessels  ^^^^^4>¥m^m!-^^;jmmi^Mm 

enter.     The   cavity  is    Multiplied  and  Enlarged  Cdls  in  CartUaga, 

halitus 


filled  with  a  halitus  ^^~«'if<=">- 
poured  out  by  the  membrane,  and  is  closed— except  in  the 
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case  of  the  peritoneum,  into  which  the  genital  mucouf? 
surface  opens  at  the  end  of  the  fallopian  tube.  The 
pleura,  pericardium,  and  arachnoid  have  fibrous  coats 
outside  them ;  but  the  tunica  vaginalis,  a  process  pushed 
down  from  the  peritoneum,  has  the  fibrous  capsule  nearer 
to  the  organ  invested,  the  testis. 

The  Synovial  Membranes  cover  the  ends  of  the 
bones,  the  ligaments,  and,  according  to  Henle,  the  car- 
tilage. They  form  vascular  fringes,  which  some  believe 
secrete  the  synovia,  which  was  once  supposed  to  be  done 
by  those  masses  of  fat  in  some  joints,  termed  the  Haver- 
sian glands.  The  tendons  at  the  wrist  and  fingers,  ankle 
and  toes,  are  clothed  by  synovial  sheaths  called  thecs. 
Burste  mucosae  is  the  inapprojpriate  term  under  which 
these  synovial  sacs  about  joints  or  exposed  points  are 
described,  because  ^46ernef%  believed  them  to  be  mucous. 
Some  of  them  are  unilocular,  some  multilocular,  and  all 
of  them  are  merely  spaces  of  areolar  tissue  enlarged  and 
not  lined  by  epithelium.  They  may  be  congenital  or 
adventitious — as  over  the  spine  of  those  who  carry 
weights,  and  upon  the  prominent  points  of  club-foot, 
distorted  toes  (bunions),  and  other  deformities.  The 
synovial  membrane  of  the  knee  is  the  only  one  into 
which  Kdlliker  could  trace  nerves.  Synovia  is  a  thick, 
colourless  fluid,  very  like  the  colloid  matter  found  in 
some  morbid  growths.  It  contains  much  albumen — 
being  named  from  its  resemblance  to  white  of  egg — 1  per 
cent,  of  oil  and  water,  which  is  less  in  quantity  if  the 
joint  be  much  used.  The  joints  of  stall-fed  and  grazing 
cattle  readily  show  this  diflierence.  Its  use  is  to  prevent 
friction,  by  filling  the  inequaUties  on  the  articular  sur- 
face. Serous  and  synovial  membranes  consist  of  a  layer 
of  polygonal  tesselated  cells,  lying  on  a  basement  layer. 
The  epithelium  of  synovial  membrane  on  a  convex  sur- 
face is  often  columnar.  The  mechanism  of  the  joints  of 
the  human  skeleton  will  be  understood  by  studying  the 
classification  on  the  following  page. 
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Nature. 


Motions. 


Examples. 


DIARTHROSIS  OR  MOVABLE  JOINTS. 


Arthrodia 


Enarthrosis 


GiNGLYMUS 

Trochoides 


Plane  surfaces. 


Ball  and  socket, 
or  convex  and 
concave  sur- 
faces. 


Hinge. 


Gliding. 


Flexion,  exten- 
sion, adducti- 
on,|abduction, 
rotation,  and 
their  multiple 
circumduction. 
Flexion  and  ex- 
tension. 
Rotation. 


Articular  pro- 
cesses of  ver- 
tebrae. 

Hip. 


Symphysis. 
Synchondrosis 
Syndesmosis 


A  pivot  rolling 
in  a  ring. 

AMPHIARTHROSIS  OR  MIXED  JOINT. 

Joined  by  elastic 

tissue. 
Joined  by  carti- 
lage. 


Elbow. 

Atlanto-axoid. 


Syssarcosis  . . 


Joined  by  liga- 
ment. 


Joined  by  mus- 
cle. 


Slight  yielding. 
Shght  yielding, 
separa- 


Slight 
tion. 


GHding. 

SYNARTHROSIS  OR  IMMOVABLE  JOINT. 


Interpubic. 
Sacro-iliac. 


Transverse  pro- 
cesses of  ver- 
tebrae. 
Scapula  and 
trunk. 


SUTURA : 

Dentata 
Squamosa 

Limbosa 


Harmonia  . . 
gomphosis   .  . 

Schindylesis 


Toothed. 
Over-lapped. 

Where  both 
bones  are  be- 
velled, but  at 
different  points 

Plane  edges. 

As  a  nail  in  its 
socket. 

One  split  to  re- 
ceive the  other. 


Interparietal. 
Temporo-parie- 
tal. 

Parieto-frontal. 


Facial  bones. 
Teeth. ' 


Vomer. 


20 
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Into  the  movable  joints  all  the  structures  we  have 
hitherto  described  enter,  and,  in  addition,  the  muscles 
and  their  tendons  which  lie  around  serve  to  further  pro- 
tect them,  and  to  remove  the  loose  synovial  membrane 
from  the  cavity  of  the  articulation  during  its  movements. 
In  the  shoulder  also  the  muscles  are  the  main  agents  for 
preserving  the  bones  in  apposition. 

Atmospheric  pressure  is  in  some  joints  a  powerful 
retaining  force — as  in  the  hip,  where  it  is  equivalent  to 
over  BOtb.  It  will  hold  together  the  bones  after  all 
ligaments  are  divided  ;  but  if  a  hole  be  drilled  from  the 
pelvic  surfaces,  the  equilibrium  is  restored,  and  the 
bones  fall  asunder,  as  Weber  demonstrated.  The  bones 
will  also  separate  in  the  exhausted  air-pump  receiver ; 
and  the  weakness  at  the  hips  perceived  by  travellers 
ascending  high  mountains  is  due  to  this  cause,  as  well 
as  the  diminished  muscular  power,  oxygen  being  deficient. 
The  force  at  the  hip-joint  is  sufficient  to  relieve  us  of 
the  weight  of  the  thigh  in  walking,  one  limb  being  sus- 
pended while  the  other  is  on  the  ground. 

The  Neuro-Skeleton,  which  is  situated  in  the  interior 
of  vertebrates,  and  the  dermo-skeleton,  which  a  few 
others  possess  like  a  coating  of  mail  on  their  sm-face, 
are  composed  of  the  substance  we  term  bone.  Its 
physical  properties  are  well  known  ;  it  is  hard  and  dense, 
yet  elastic,  white,  and  opaque.  Bone  is  said  to  be  twice 
as  strong  as  oak,  5000  ft  weight  being  required  to  crush 
1  square  inch.  It  is  composed  of  two  classes  of  material 
united,  probably  in  definitive  chemical  equivalents:  1. 
The  earthy,  which  may  be  removed  by  steeping  a  bone 
in  dilute  nitric  acid.  The  bone  still  retains  its  shape, 
but,  losing  its  opacity  and  density,  becomes  semi-trans- 
parent, and  so  flexible  that  a  knot  can  be  tied  upon  it. 
2.  The  organic  matter,  which  incineration  will  destroy; 
if  burned  with  free  exposure  to  air  the  bone  becomes 
■white — or  black  if  air  be  excluded,  the  carbon  not  being 
oxidised.     In  this  condition  it  has  lost  cohesion  and 
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elasticity,  and  can  be  readily  powdered.  Prolonged 
boiling,  especially  under  the  higher  temperature  which 
increased  pressure  produces,  as  in  Papin's  digester,  will 
also  remove  the  organic  matter,  which  is  termed  ostein 
or  gelatin.  The  relative  proportion  is  said  by  many 
analysts  to  differ  in  early,  middle,  and  advanced  life  as 
follows  : 

Child.  Adult.         Old  Man. 

Animal   47-20       20-18  12.2 

Earthy   48-48       74-84  84-1 

However,  these  statements  have  been  questioned  by  Dr. 
Rees,  who  thinks  bone  is  composed  of  definite  quantities 
at  all  ages,  and  the  varying  density  results  merely  from 
different  arrangement  of  its  particles  at  each  period — and 
with  these  views  I  am  strongly  inclined  to  agree.  The 
quantity  of  earthy  matter  is  various  in  many  bones,  the 
petrous  portion  of  temporal,  long  bones  of  lower  extre- 
mity, of  upper,  pelvis,  and  trunk,  each  containing  it  in  the 
order  enumerated,  which  is  also  very  much  the  order  of 
the  amount  of  work  each  is  destined  to  do.  Another 
fact  indicating  the  uniform  composition  of  bone  is,  that 
those  dug  from  Pompeii  and  fossil  bones  yield  the  same 
proportions  as  the  most  recent.  Grimbernat  is  said  to 
have  made  soup  from  the  tooth  of  a  mastodon.  The 
following  analysis  exhibits  the  proportion  of  various 


salts : 

Animal  matter   31*11 

Phosphate  of  lime   59-14 

Fluoride  of  calcium   2-28 

Carbonate  of  lime   6-82 

Phosphate  of  magnesia   1-20 


More  than  half  of  bone  is,  then,  phosphate  of  lime — a 
salt  first  found  by  Gahn.  Bones  effervesce  in  acids, 
owing  to  the  carbonate  they  contain.  Fluoride  of  cal- 
cium, which  Von  Bibra  discovered,  exists  most  freely  in 
teeth,  the  petrous  portion  of  temporal  and  fossil  bones, 
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as  may  be  shown  by  acting  on  them  with  sulphuric  acid, 
when  the  hydrofluoric  acid  evolved  will  dissolve  glass. 
This  reaction  can  be  produced  by  phosphoric  acid  com- 
bined with  water,  according  to  Dr.  Rees.  Carpenter 
states  that  the  hardness  of  bone  does  not  depend  on  the 
relative  proportion  of  salts  and  gelatin,  as  the  bones  of 
fish  contain  as  much  salts  as  those  of  deer  and  sheep. 

The  periosteum  is  the  tough  fibrous  membrane  which 
invests  the  outer  surface  of  bone,  conducts  its  vessels, 
joins  the  epiphyses,  which  are  separate  in  early  life,  and 
diffuses  the  power  of  muscles  over  a  greater  surface. 
The  endosteum  is  a  thinner  and  more  vascular  web, 
which  supports  the  medulla  or  fat  in  the  canals  of  long 
bones  or  the  cancelli  of  spongy  ones,  and  which  accom- 
panies the  vessels  through  the  Haversian  canals.  The 
marrow  is  either  of  a  red  or  yellow  colour,  and  is  placed 
within  the  medullary  canal  because  of  its  hghtness  and 
fluidity,  which  disperses  shocks  equally  over  the  whole 
bone.    The  fat  is  also  stored  here  for  calorific  use. 

The  Minute  Anatomy  of  bone  has  been  a  much  de- 
bated subject.  Havers  and  Diihamel  approached  the 
truth  nearly  when  they  said  it  was  laminated  in  struc- 
ture ;  Scarjja  believed  it  cellular,  Bicliat  fibrous.  Tomes 
granular,  and  Gagliardi  fancifully  described  it  as  plates 
pegged  together  by  little  nails,  which  we  now  recognise 
as  the  lacunae,  but  which  appeared  to  him  soHd.  Its 
true  structure,  as  determined  by  recent  microscopical 
investigations,  is  briefly  as  follows  :  The  lamina  are 
arranged  round  an  Haversian  canal,  and  between  them 
lie  small  stellate  cells  which  are  termed  lacunae,  their 
projections  being  continuous  with  the  canalicuU  or  minute 
tubes  which  join  them  with  each  other  and  with  the 
Haversian  canals.  The  lacunae  bear  a  remarkably  con- 
stant proportion  to  the  size  of  the  blood- cells  of  the 
species,  but  not  to  the  magnitude  of  the  animal  itself. 
The  canals  run  with  the  long  axis  of  the  bone,  and  are 
readily  seen  on  transverse  section,  with  the  laminae, 
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lacunae,  and  canaliculi  about  them,  arrancred  in  what  is 
called  "  an  Haversian  system,"  two  of  which  are  here 
represented.    The  canals  vary  from      to  2000  in  dia- 


Two  Haversian  Systems,  consisting  nf  canal,  surrounding  laminoi,  lacunee, 

and  canaliculi. 


meter,  and  are  either  arterial  or  venous,  which  latter 
coalesce  into  the  veins  which  emerge  from  the  surface, 
and  which  are  remarkable  for  their  number,  absence  of 
an  outer  coat,  and  their  free  anastomosis.  Dr.  Benson, 
now  Professor  of  Medicine  in  the  Eoyal  College  of  Sur- 
geons, stated,  in  his  admirable  account  of  osseous  tissue 
in  Todd's  Cyclopedia,  that  the  veins  have  but  one  coat, 
and  this  so  closely  adherent  to  the  sides  of  the  canal 
that  they  could  never  alter  their  shape  or  size  ;  and  this 
seems  to  me  to  account  for  the  diffuse  character  of  in- 
flammation when  it  attacks  them,  for  they  cannot  be 
readily  occluded  by  lymph.  Breschet  demonstrated  those 
of  the  cranial  bones,  which  are  termed  diploic,  by  filing 
off  the  outer  table.  The  arteries  of  bones  are  of  8 
sizes — the  largest  named  the  nutritious,  which  enter 
about  the  centre  of  the  long  bones,  and  run  downwards 
in  all  bones  save  the  femur  uhia  and  radius,  in  which 
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bones  only  the  lower  epiphyses  are  the  last  to  unite ; 
the  medium-sized  enter  at  the  articular  ends  ;  and  the 
smallest  from  every  point  of  the  periosteal  surface.  Os- 
seous tissue  is  either  compact,  as  in  the  shafts  of  long 
bones,  where  all  its  elements  are  closely  condensed ;  or 
spongy,  as  in  the  articular  ends,  where,  instead  of  one 
medullary  canal,  each  of  the  cancelli  must  be  regarded 
as  such. 

The  Uses  of  Bones  are  numerous,  for  besides  forming, 
as  we  shall  fully  consider  farther  on,  the  passive  organs 
of  locomotion,  they  give  shape  to  the  whole  frame,  and 
protect  the  viscera,  organs  of  sense,  and,  above  all,  the 
cerebro-spinal  axis.  How  admirable  the  mechanical 
construction  of  the  skeleton  is  may  be  learned  from  the 
following  example  adduced  by  Mayo  :  "In  the  cranium 
especially  physiologists  delight  to  notice  the  strength  de- 
rived from  its  arched  form  ;  the  partial  thickening  of  its 
most  exposed  and  prominent  parts  ;  its  texture  strength- 
ened by  being  wrought  in  3  layers  of  varying  density ; 
its  sutures  which  concur  with  the  last-named  provision 
in  diminishing  its  brittleness,  and  their  well-known 
squamous  configuration  at  the  side  of  the  head,  enabling 
the  sphenoid  and  temporal  bones  to  resist  the  pressure 
outwards  at  that  part  when  the  vertex  is  forcibly  struck." 
The  advantages  derived  from  the  hollowness  of  bones 
are — 1.  A  given  quantity  of  material  will  make  a  stronger 
pillar  if  wrought  into  a  tube  than  into  a  solid  cylinder. 
It  is  sometimes  incorrectly  conceived  that  a  hollow  bone 
is  stronger  than  a  solid  one  of  the  same  diameter.  2, 
A  greater  surface  for  attachments.  8.  Lightness.  4. 
Storage  for  calorific  fat,  the  fluidity  of  which  disperses 
any  shock  the  bone  receives  over  all  the  surface.  In 
birds,  in  addition,  a  vast  respiratory  surface  is  produced 
by  air  being  admitted,  and  by  condensation  or  rarefaction 
of  it  their  body  becomes  specifically  heavier  or  lighter. 
By  weighing  carefully  the  bones  of  a  skeleton,  very  re- 
markable relations  may  be  discovered  between  their 
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weight — thus,  the  bones  above  the  central  point  of  the 
body,  which  is  near  the  umbilicus,  weigh  precisely  as 
much  as  those  below  that  point.  The  bones  of  the 
hand  are  i  the  weight  and  i  the  length  of  those  of  the 
whole  arm ;  the  hand  weighs  just  half  as  much  as  the 
foot ;  and  lastly,  each  bone  of  the  right  side,  including 
those  of  the  head,  is  heavier  than  the  corresponding  left 
one.  Many  other  proportions  can  be  discovered,  and 
they  hold  good  in  lower  animals,  and  might  be  of  use 
in  arranging  skeletons. 

The  Development  of  bone  i?  usually  said  to  have  3 
stages,  which  Holler  described  as  the  gelatinous,  cartila- 
ginous, and  osseous ;  but  in  the  case  of  the  cranial  bones 
and  some  others,  the  second  of  these  does  not  exist,  the 
bone  being  formed  between  fibrous  membranes — one 
of  which,  the  dura  mater,  we  often  find  converted  into 
bony  plates  like  the  osseous  falx  and  tentorium  of  some 
animals.  The  first  centre  of  ossification  appears  in  the 
clavicle  at  about  the  4th  week,  and  others  follow  in  the 
following  order :  lower  jaw,  ribs,  femur,  humerus,  tibia, 
vertebras,  pelvis,  tarsus,  &c.  In  the  long  bones  the 
primary  point  forms  the  shaft  or  "diaphysis,"  and  one  at 
each  end  develops  the  "epiphyses,"  which,  in  the  case 
of  the  lower  extremity  of  the  femur,  remains  disunited 
till  the  25th  year.  The  tubercles  or  processes  are  often 
produced  separately,  and  are  termed  "  apophyses." — 
Growth  in  the  long  axis  afterwards  takes  place  in  the 
layer  of  epiphysary  cartilage,  especially  at  its  surface 
towards  the  shaft.  Hunter  showed  this  by  inserting  two 
grains  of  shot,  at  a  measured  distance,  apart  in  the  tibia 
of  a  young  pig,  which  he  found  afterwards  had  scarcely 
separated,  although  the  bone  had  grown  much  longer. 
However,  such  bones  as  the  clavicle  and  lower  jaw, 
which  have  no  epiphysary  cartilages,  must  grow  by  inter- 
stitial deposit. 

Bones  grow  in  thickness  by  layers  being  laid  down 
concentrically  by  the  periosteum  and  endosteum,  in  a 
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way  not  unlike  the  exogenous  vegetable  stem,  as  demon- 
strated by  Duhamel,  who  placed  a  silver  ring  round  a 
growing  bone  and  found  it  afterwards  almost  sunk  into 
the  medullary  canal,  which  is  not  formed  when  bones 
are  at  first  developed.  The  same  fact  was  beautifully 
exhibited  by  Belchier,  who  discovered  that  the  bones  of 
animals  could  be  stained  by  any  coloured  matter  it  was 
fed  on.  He  was  dining  with  a  calico-printer,  and  re- 
marked the  bones  of  a  leg  of  pork  to  be  quite  red,  the 
animal  having  taken  food  containing  madder.  This  dye 
circulating  with  the  blood  became  laid  down  with  the 
phosphate  of  lime,  for  which  it  has  chemical  affinity,  in 
the  vicinity  of  the  vessels,  a  crimson  circle  forming  round 
each  Haversian  canal.  If  an  animal,  especially  a  gi'ow- 
ing  one,  be  fed  alternately  upon  food  with  madder  and 
then  without  it,  alternate  rings  of  red  and  white  will  be 
seen  on  transverse  sections.  Bone  is  produced  with  sur- 
prising rapidity  in  disease  in  the  human 
subject ;  and  among  lower  animals,  the  fos- 
sil Irish  elk  is  calculated  by  Prof.  Owen  to 
have  cast  off  and  renewed  80  fbs.  of  osseous 
matter  in  its  antlers  each  year.  The  admi- 
rable process  for  the  reparation  of  injured 
bone  I  will  consider  hereafter. 

MUSCULAR  TISSUE 

Is  of  two  kinds,  voluntary  and  involuntary, 
the  latter  of  which,  being  the  more  simple, 
we  shall  first  describe.    It  constitutes  what 
are  often  termed  the  "  muscles  of  organic 
life,"  as  those  of  the  digestive  tract,  the 
trachea  and  bronchi,  the  uterus,  bladder, 
and  urethra;  such  ducts  as  the  ureter,  vas 
Fibres  of  un-  deferens,  and  lastly  those  structures  in  the 
striped  muscle^  sldu  which  wiU  produce  the  condition  termed 
cell.  "         cutis  anserina.  It  consists  of  pale,  flat  bands 
showing  indistinct  granules,  and  oval  nucleated  cells 
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which  destroy  the  parallelism  of  the  edges.  The  average 
width  is  2-500.  JBoivman  states  the  fibres  do  not  inter- 
lace, as  generally  believed,  but  the  bulgings  at  the  cells 
make  them  appear  to  do  so  when  not  fully  in  focns. 
There  are  two  tests  which  indicate  the  presence  of  this 
"  unstriped"  muscular  fibre — namely,  acetic  acid,  which 
develops  the  nuclei,  and  a  galvanic  current  which  pro- 
duces movements  propagated  slowly  along  the  whole 
length.  Kdlliker  discovered  another  kind  of  involuntarily 
contractile  tissue  in  the  trabecule  of  spleen,  prostate, 
coats  of  arteries,  &c.,  and  named  it  "muscle-ceils,"  which 
are  spindle-shaped,  with  a  nucleus  very  evident.  They 
are  probably  but  an  earlier  stage  of  the  unstriped  fibre, 
beside  which  it  is  placed  in  the  preceding  figure. 

2.  Voluntary  muscle  consists  of  fibres  which  usually 
r\m  its  whole  length,  being  thus  2  feet  long  in  the  sarto- 
rius  ;  but  they  are  occasionally  interrupted  by  tendinous 
lines.  They  are  packed  together  by  areolar  tissue,  in 
which  the  nutrient 
vessels  take  a  longi- 
tudinal course,  and 
they  become  poly- 
gonal by  mutual 
pressure.  They  are 
about  in  diame- 
ter. Each  fibre  can 
be  split  lengthwise  into  fibrillae,  or  across  into  discs, 
which  Bowman  regards  as  the  ,Jeast  artificial  cleavage  ; 
but  Kdlliker  says  never  occurred  save  in  partly  decom- 
posed or  digested  muscle.  Prof.  Hayden,  of  the  Catho- 
lic University,  has  arrived  at  the  same  conclusion,  for 
he  says,  "  The  union  into  fibrils  would  appear  to  be  the 
natural  arrangement,  and  the  formation  of  discs  to  re- 
sult from  the  chemical  re-agent  employed."  Each  fibrilla 
is  made  of  a  number  of  square  or  slightly  rounded  cells 
arranged  Hke  a  string  of  beads,  the  cross  mark  where 
they  join  giving  the  striated  ch  aracter  which  the  fibre 


striped  Muscle,  teazed  into fibrillce  at  one  end' 
cloven  transversely  at  the  other. 
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has.  Each  cell  consists  of  a  dark  interior  and  light  ex- 
terior, and  is  about  Wan  from  stria  to  stria  in  man,  in 
■whom  this  measurement  is  greatest,  and  ttsoo  in  reptiles, 
in  whom  it  is  least,  and  about  half  as  broad  in  the  un- 
contracted  state — these  measurements  being  almost  re- 
versed during  contraction.  Each  fibre  is  clothed  by  a 
fine,  transparent,  and  hyaline  sheath,  which  is  best  ex- 
hibited by  brealdng  a  fibre  suddenly  across,  when  it  will 
hold  the  fifagments  still  together.  This  is  the  myolem- 
ma  ;  and  as  it  is  uncontractile,  it  can  be  seen  under  the 
microscope  to  rise  into  bulse  on  the  surface  of  a  fibre 
when  contracting.  Each  fibre  ends  abruptly  in  a  tendi- 
nous thread  which  is  continuous  with  the  myolemma; 
and  as  it  is  much  less  bulky,  a  tendon  of  a  muscle  is 
very  much  narrower  than  the  belly.  Tendons  achieve 
greater  usefulness  and  symmetry,  being  cord-like  if  act- 
ing on  one  point,  or  difiused  and  membraneous  if  influ- 
encing the  whole  limb  or  its  fasciae. 

Muscle  is  chemically  composed 
of  syntonin,  which  differs  from 
blood-fibrin  in  being  soluble  in  hy- 
drochloric acid.  Schultz  states  that 
muscle-juice  contains  casein,  as  it 
is  precipitated  by  rennet.  The 
peculiar  flavour  of  meat  resides  in 
the  extract,  not  in  the  sarcous  ele- 
ment, for  the  latter  is  tasteless  in 
all  animals,  but  may  be  made  to 
acquire  the  taste  of  any  kind  of 
flesh  by  adding  an  extract  of  it. 
Inosite,  the  sugar  of  muscle,  has 
been  before  described  ;  it  is  found 
plentifully  in  unripe  beans.  As 
regards  the  nervous  supply  of  mus- 
cles nothing  can  be  said  but  that 
nerves  are  abundant,  cross  the  fibres 
in  loops,  and  have  not  been  traced  within  the  myolemma. 
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The  supply  of  blood  is  most  abundant,  as  it  freely  courses 
through  the  capillaries  which  lie  parallel  to  the  fibres. 
The  red  colour  is  due  to  the  blood ;  and  those  muscles 
little  used — as  the  pectorals  constituting  the  breast  of 
the  fowl — are  of  a  very  pale  hue. 

The  development  of  a  fibre,  Schivann  shows,  is  accom- 
plished by  a  number  of  cells  arranging  themselves  in  a 
linear  form,  and  a  granular  matter  is  gradually  laid  down 
towards  their  centre.  The  growth  of  muscle  to  adult  age, 
and  the  hypertrophy  of  it  by  exercise,  is  due  to  an  in- 
crease in  size,  not  in  number,  of  each  constituent  cell. 
The  contrary  might  be  maintained  from  the  slight  differ- 
ence in  size  between  foetal  and  adult  fibres. 

The  trichina  spiralis,  a  parasite  discovered  by  Wor- 
mald,  is  peculiar  to  striped  muscle  ;  some  distance  below 
the  constrictors  of  the  pharynx  it  may  be  seen  to  sud- 
denly stop.  Many  cases  of  disease,  and  some  of  death, 
have  occurred  from  eating  meat  in  which  this  parasite 
existed.  (See  my  "Lectures  on  Public  Health.")  Ano- 
ther muscle  parasite,  the  cysticercus  cellulosus,  has  been 
shown  to  be  the  larva  of  the  taenia  solium,  which  it  can 
readily  give  rise  to,  as  the  flesh  of  the  pig  in  the  condi- 
tion termed  "  measly"  abundantly  contains  it. 

The  striated  tissue  which  we  have  now  sketched  forms 
all  the  voluntary  muscles,  and  likewise  those  which,  not 
being  entirely  under  the  control  of  the  will,  are  denomi- 
nated *'  mixed  muscles,"  such  as  the  diaphragm,  heart, 
sphincters,  pharynx,  iris,  tensor  tympani,  stapedius,  &c. 
In  most  muscles  the  fibres  lie  parallel ;  in  a  few,  as  the 
accelerator  urinse  and  rectus  femoris,  they  diverge,  in  a 
penniform  manner  and  in  parallel  lines,  from  a  central 
tendinous  raphe.  The  more  fixed  end  of  a  muscle  is 
termed  its  "origin;"  the  more  moveable,  the  "inser- 
tion." Their  great  variety,  in  shape,  direction,  position, 
attachments,  and  actions,  gives  rise  to  a  most  complex 
nomenclature.  The  following  muscles  are  named  from 
such  particulars :  triangularis  oris,  trapezius,  rectus 
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femoris,  transversalis  abdominis,  glutei,  intercostales, 
sterno-cleido-mastoideus,  crico-thyroid,  levatores  costa- 
rum,  extensor  indicis,  &c. 

The  Function  of  Muscles  is  contractility,  which  dif- 
fers from  elasticity  in  being  a  primary  motive  power. 
It  is  of  two  kinds — 1.  Passive,  which  is  more  usually 
termed  "  tonicity,"  and  is  that  state  of  tension  in  which 
a  muscle  usually  is.  It  continues  during  sleep  and  rest, 
and  is  seen  clearly  when,  by  a  muscle  being  cut  across, 
the  bone  on  which  it  acted  being  fractured  or  its  anta- 
gonist being  paralysed,  its  ends  approach  each  other. 
As  Prof.  Hayden  has  shown  in  the  valuable  paper  to 
which  I  have  before  alluded,  this  passive  contraction  is 
usually  nothing  more  than  the  elasticity  of  the  muscle, 
especially  of  its  myolemma,  areolar  tissue,  and  vessels. 
To  such  contraction  the  shortening  in  luxations  of  the 
limbs  is  due  ;  and  in  reducing  them  in  powerful  men,  we 
have  to  seek  the  aid  of  ' that  most  efficient  of  the  agents 
which  relax  muscles — chloroform.  The  constancy  of 
the  force  shows  its  physical,  not  vital  nature,  as  true 
contraction  is  only  occasional,  and  is  always  followed  by 
fatigue  of  the  nerves  supplying  the  muscle.  The  entire 
of  a  muscle  does  not  act  at  once,  but  successive  por- 
tions contract,  while  those  that  have  previously  acted  are 
at  rest.  The  stimuli  to  contraction  are  as  follows : 
1.  The  mysterious  influence  carried  along  the  motor 
nerve,  either  originated  by  the  will  or  reflected  from 
some  impression  made  on  a  sensitive  nerve.  This  is 
often  termed  "  vis  nervosa."  2.  Some  molecular  change, 
probably  nutritive,  which,  since  the  time  of  Haller,  has 
been  regarded  as  inherent  in  muscular  tissue,  and  named 
"vis  insita."  That  there  is  such  an  inherent  power  in 
the  tissue  itself  is  suggested  by  a  single  fibril  completely 
removed  from  the  influence  of  nerves  still  contracting, 
and  by  experiments  with  the  woorara  poison.  This  sub- 
stance, which  has  the  power  of  destroying  the  conducting 
power  of  motor  nerves,  was  placed  under  tbe  skin  of  a 
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frog,  and  when  the  nerve  leading  to  the  lower  limb  was 
rendered  incapable  of  carrying  the  galvanic  stimulus,  the 
muscles  still  contracted  by  direct  stimulation.  3.  Such 
physical  agents  as  heat,  electricity,  or  mechanical  con- 
tact, which  probably  excite  the  contraction  of  the  mus- 
cles of  organic  life ;  thus,  the  contact  of  alimentary  mat- 
ter, or  the  distension  produced  by  gases,  are  believed 
to  excite  the  contraction  of  the  muscles  round  the  diges- 
tive tube.  The  sphincters  at  the  orifices  remain  pas- 
sively contracted  without  undergoing  fatigue,  till  over- 
come by  the  more  powerful  efforts  for  expulsion  of  the 
contents.  Dr.  Stokes  discovered  an  interesting  example 
of  contraction  in  a  living  voluntary  muscle  ;  if  the  pec- 
toral of  an  emaciated  patient,  especially  if  phthisical,  be 
struck  smartly  with  the  finger,  some  fibres  will  contract, 
and  rise  up  into  a  prominent  tumour. 

Muscle  during  contraction  becomes  harder,  but  un- 
dergoes no  change  in  bulk — merely  altering  in  shape, 
gaining  in  breath  what  it  loses  in  length.  This  can  be 
shown  by  placing  a  muscle — the  heart  of  an  animal  just 
dead  being  preferable,  as  it  contracts  by  the  mere 
stimulus  of  water — in  a  vessel  of  water,  with  a  fine 
capillary  tube  leading  from  it ;  when  the  muscle  con- 
tracts, no  fall  or  rise  of  the  water  in  the  tube  occurs. 
Fascias  are  of  use  in  confining  the  bellies  of  muscles,  and 
similarly,  it  is  said,  a  well-fitting  glove  renders  the  hand 
stronger.  At  the  precise  moment  of  contraction  it  loses 
blood,  by  the  capillaries  between  the  fibres  being  pressed 
on  ;  but  increased  afflux  ensues. 

A  peculiar  sound,  the  "  bruit  musculaire,"  is  pro- 
duced, as  mentioned  when  discussing  the  sounds  of  the 
heart.  It  is  like  the  distant  rumbhng  of  carriage- wheels. 
Wollaston's  expedient  of  placing  the  little  finger  in  the 
ear,  makes  the  noise  very  evident ;  and  Prof.  Hayden 
has  proved  that  it  is  not  due  to  the  collision  of  the 
blood-cells  in  the  vessels  of  the  part,  for  it  continued 
when  all  circulation  was  stopped  in  the  finger  by  a  tight 
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ligature.  When  the  Hmb  was  rested  completely,  so  that 
no  muscular  action  occurred,  the  sound  ceased.  It  is 
probably  due  to  the  friction  between  the  fibres  as  they 
successively  contract ;  and  to  this  friction  and  the  in- 
creased flow  of  blood  is  also  due  the  elevation  of  tempe- 
rature, to  the  amount  of  two  or  three  degrees,  which 
always  takes  place  in  contracting  muscles.  So  great  is 
the  shortening  that  a  fibril  is  but  ^  of  its  original  length 
■h^hen  fully  contracted ;  but  a  muscle  retains  |.  of  its 
length,  as  all  its  fibrils,  or  probably  the  entire  of  any  of 
them,  do  not  contract  at  once,  and  the  tendons  at  its 
extremities  are  uncontractile. 

Theories  of  Oontraction  are  numerous,  but  the  exact 
nature  of  the  phenomenon  is  still  uncertain.  Prevost 
and  Dumas  suggested,  as  nerves  cross  fibres  at  right 
angles,  that  they  caused  them  to  assume  a  zig-zag  form, 
and  so  become  shortened  ;  but  it  is  found  that  it  is  the 
uncontracted  fibres  which  put  on  this  appearance  when 
other  fibres  contract  beside  them.    Any  influence  the 
nerves  possess  over  the  muscular  fibres  must  be  capable 
of  difi'usion  along  them,  as  they  never  lie  parallel  to  the 
fibrillae,  but  cross  them  in  loops,  and  the  nerve-tubes  do 
not  penetrate  the  sarcous  element.    Oxygen  has  been 
long  believed  to  be  the  excitant  to  contraction,  which 
is  much  dependent  on  a  due  supply  of  blood  and  nutri- 
tive change  :  thus,  it  is  sudden  and  energetic  in  birds 
and  mammals,  to  whom  that  gas  is  abundantly  supplied ; 
slow  and  lethargic  in  reptiles  and  hybernating  animals, 
where  the  supply  is  scanty.  Marshall  Hall  deduced  the 
law,  that    muscular  irritability  is  in  inverse  ratio  of  re- 
spiration."   Drajjer  asserts  that  "  muscular  contraction 
is  the  necessary  physical  result  of  muscular  disintegi-a- 
tion  ;"  and  so  rapidly  do  reparative  changes  occur,  that 
the  original  condition  is  resumed  after  an  inappreciable 
period.    He  refers  to  experiments,  which  show  that 
chemical  change  always  accompanies  contraction,  the 
alcoholic  extractive  of  muscle  being  greatly  increased  by 
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that  act,  Inosite,  creatin,  creatinin,  and  :jirea;7are  the 
products  of  muscular  waste.  It  may  be  objected  that  the 
considerable  shortening  which  a  muscle  undergoes  could 
not  be  due  to  the  amount  of  loss  of  material  which  one 
could  suppose  possible.  Draper  justly  regards  the  expe- 
riment of  placing  muscle  under  water,  to  show  that  no 
change  of  bulk  occurs  during  contraction,  as  most  im- 
perfect and  inconclusive — as  no  calculation  is  made  for 
the  increased  heat  which  would  expand  the  water,  or  no 
provision  for  the  removal  of  waste.  The  analogies  of 
fibrillation  and  muscular  contraction  have  been  mentioned 
at  page  122. 

Rigor  Mortis  is  the  cadaveric  contraction  which  oc- 
curs between  somatic  and  molecular  death.  It  is  re- 
garded by  Weber  as  due  to  elasticity,  which,  he  thinks, 
was  prevented  fi-om  coming  into  play  by  contractility 
dm'ing  life.  Brilcke  states  that  it  is  but  the  fibrillation 
of  the  muscle-fibrin,  and  thus  identical  with  coagulation 
of  the  blood.  Others  regard  it  as  the  last  vital  manifes- 
tation, and  after  its  departure  all  irritability  is  lost  and 
putrefaction  ensues.  Brown- Sequard,  by  injecting  de- 
fibrinated  arterial  blood,  removed  the  rigidity  from  the 
limb  of  an  executed  criminal  4  hours  after  it  had  set 
in,  and  kept  up  the  irritability  of  its  muscle  for  41  hours, 
until  the  opposite  limb  began  to  putrefy.  By  cutting  off 
the  supply  of  arterial  blood,  stiffness  similar  to  rigor 
mortis  may  be  produced  in  living  animals.  Rigor  mor- 
tis usually  commences  about  4  hours  after  death,  but 
has  begun  within  10  minutes,  or  has  been  delayed  7 
hours.  The  earlier  it  begins  and  the  more  powerful  it 
is,  the  shorter  it  lasts ;  whereas  late  and  feeble  contrac- 
tion may  endure  for  many  days.  It  affects  paralyzed 
muscles,  unless  much  wasted.  Involuntary  muscles 
also  exhibit  it ;  thus  the  condition  of  the  heart  termed 
"  concentric  hypertrophy"  is  but  a  post  mortem  con- 
traction, and  the  uterus  has  often  expelled  the  foetus  by 
the  same  action,  when  the  mother  has  died  undelivered. 
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After  deatli  by  lightning,  sudden  injury,  typhus,  glan- 
ders, and  other  septic  poisons,  and  some  other  causes, 
it  either  occurs  so  soon  and  in  so  trifling  a  degree  as  not 
to  be  perceived,  or  does  not  take  place  at  all.  It  usually 
begins  in  the  jaw  and  neck,  and  proceeds  to  the  upper 
and  lower  extremities,  from  above  downwards,  departing 
in  the  same  order. 

The  muscular  force  of  the  human  body  is  utilized  and 
increased  by  the  frequent  adoption  of  the  lever.  There 
are  three  kinds  of  this  mechanical  power — 1st,  where 
the  fulcrum  is  intermediate,  and  the  power  and  resist- 
ance at  the  ends.  Of  this  kind  there  are  not  many  ex- 
amples.   We  have  here  represented  one  which  is  often 


1st  Order.— Rising  on  Tiptoe.       2nd  Order.— Opening  the  mouth. 


incorrectly  described  as  of  the  second  order.  In  rising 
on  tip-toe,  the  ankle  is  the  fulcrum,  the  gastrocnemius 
the  power,  and  the  ground  the  resistance.  Other  ex- 
amples are  afforded  when  we  erect  ourselves  after  the 
trunk  is  bent  forwards,  the  hip  being  the  fulcrum,  the 
hamstrings  the  power,  the  weight  of  the  body  the  resist- 
ance ;  and  in  the  nodding  of  the  head  backwards  and 
forwards  at  the  occipito-atlantoid  joint.  The  2nd  order 
is  best  exemplified  in  the  act  of  opeoing  the  mouth  by 
the  action  of  the  digastric,  which  is  the  power,  the  tem- 
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poro-maxillary  articulation  being  the  fulcrum,  and  the 
resistance  the  temporal,  which  is  intermediate.  The 
3rd  order  is  by  far 
the  most  frequently 
used.  We  have  se- 
lected the  well- 
known  example  of 
the  biceps,  which 
is  the  power  inter- 
mediate, the  elbow 

.  being  the  fulcrum,  Zrd  Order.^Flexing  the  Forearm. 

and  the  hand,  with  any  body  grasped  in  it,  the  resist- 
ance. The  deltoid,  brachialis  anticus,  rectus  femoris, 
temporal,  and  many  other  muscles,  act  with  the  aid  of 
this  kind  of  lever,  as  the  greatest  velocity  is  thus  ac- 
quired, although  with  some  loss  of  power.  Sir  C.  Bell, 
in  his  charming  book  on  "  The  Hand,"  says  :  "  The 
same  interchange  of  power  for  velocity  which  takes  place 
in  the  arm,  adapts  a  man's  hand  and  fingers  to  a  thou- 
sand acts  requiring  quick  or  lively  motions.  The  fingers 
of  a  lady  at  the  pianoforte,  or  of  a  compositor  with  his 
types,  are  instances  of  the  advantages  gained  by  this  sa- 
1    orifice  of  force  for  velocity  of  movements." 

The  power  is  usually  placed  very  near  the  fulcrum,  so 
that  in  the  case  we  have  sketched,  if  the  biceps  con- 
tracts one  inch,  the  hand  will  traverse  the  space  of  a 
foot,  but  through  each  inch  with  only  tV  of  the  muscular 
I    force — a  power  which  would  bring  all  to  rest  if  exerted  in 
,  opposition. 

The  following  attitudes  and  motions  afford  examples 
of  associated  muscular  actions. 

Standing  in  the  erect  posture  is,  as  we  have  before 
stated,  an  attitude  pecuHar  to  man.  The  weight  of  the 
I  body  is  transmitted  through  many  joints,  and  a  line 
dropped  through  the  centre  of  gravity  m.ust  fall  within 
the  base  of  support — an  invariable  law  of  stability.  In 
some  instances  the  attitude  is  preserved  more  easily  by 
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rapidly  changing  the  centre  of  gravity — thus,  the  drunken 
man  is  less  liable  to  fall  if  he  runs  than  if  he  tries  to 
walk  slowly. 

"Walking  is  performed  by  flexing  the  knee  and  extend- 
ing the  ankle  of  one  leg,  which  is  thus  raised  from  the 
ground  ;  the  weight  is  then  thrown  and  the  body  in- 
clined towards  the  opposite  limb,  which,  by  acting  on 
the  ball  of  the  big  toe,  rises  it  from  the  ground,  and 
transfers  it  to  the  limb  which  was  first  moved. 

Running  is  accomplished  by  similar,  but  more  rapid 
movements,  the  body  being  also  constantly  bent  for- 
wards. In  leaping,  both  legs  are  raised  at  once  from 
the  ground. 

QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  What  varieties  of  motion  are  presented  in  plants  and  ani- 
mals ? 

2.  Describe  the  structure,  distribution,  and  uses  of  white  fibrous 
tissue,  and  the  points  in  which  it  differs  from  the  yellow. 

3.  Sketch  the  histology  of  the  articular  and  membraniform 
varieties  of  cartilages. 

4.  Describe  the  arrangement  of  the  bones  in  the  most  movable 
and  the  most  immovable  kinds  of  articulation. 

5.  Enumerate  the  notions  of  the  older  writers  on  the  structure 
of  bone,  and  describe  what  you  have  seen  under  the  microscope. 

6.  What  are  the  uses  of  l)ones,  and  why  are  the  long  ones  hol- 
low ? 

7.  Explain  how  bones  grow. 

8.  Describe  the  phenomena  of  muscular  contraction  and  of  the 
rigidity  which  occurs  post  mortem. 

9.  What  are  the  orders  of  levers  ?    Give  an  example  of  each. 

SENIOR. 

1.  Describe  cihary  motion,  stating  in  what  particulars  it  agrees 
with  and  differs  from  muscular  contractihty. 

2.  What  synonymes  have  been  appUed  to  areolar  tissue  ?  With 
what  other  tissue  is  it  associated,  and  in  what  situations  do  their 
respective  amounts  vary  ? 

3.  Give  a  precis  of  Prof.  Redfern's  researches  on  abnormal  nu- 
trition of  cartilages. 

4.  What  are  the  components  of  bone,  and  how  may  each  be  de- 
monstrated 
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5.  Do  the  relative  proportions  of  salts  and  gelatin  vary  vrith  age, 
or  with  the  hardness  of  bone  ? 

6.  From  what  other  microscopic  object  could  you  predict  the 
size  of  the  lacunae  of  any  animal  ? 

7.  Mention  a  few  of  the  propoi-tions  which  exist  between  the 
weights  of  the  bones  of  animals. 

8.  Sketch  the  minute  anatomy  of  voluntary  muscle,  and  con- 
trast its  structure  and  properties  with  those  of  the  two  other 
varieties. 

9.  What  are  the  stimuU  to  contraction,  and  which  of  them  has 
influence  longest  after  death  ? 


VOICE  AND  SPEECH. 

In  man,  voice  is  more  perfect  than  in  any  other  animal ; 
and  speech,  expressing  thoughts  and  feelings,  is  his 
special  prerogative. 

The  Larynx  is  shown  to  be  the  organ  of  voice  by 
that  faculty  being  lost  if  the  air  be  allowed  to  escape 
before  passing  through  it,  as  we  see  in  persons  on  whom 
we  have  performed  tracheotomy  ;  by  the  aphonia  which 
results  from  injury  of  the  vocal  cords  or  inferior  laryn- 
geal nerves  ;  and  also  by  sounds  being  produced  by 
blowing  through  the  larynx,  removed  after  death.  The 
organ  is  made  up  of  the  following  structures :  4  true 
cartilages — thyroid,  cricoid,  and  2  arytenoid  ;  and  7  false 
or  fibro-cartilages — the  epiglottis,  2  cuneiform,  2  corni- 
cula,  and  2  corpora  triticea,  which  are  jointed  by  many 
ligaments,  the  elasticity  of  which  increases  the  vocal 
vibrations,  and  moved  by  several  muscles  we  shall  after- 
wards allude  to.  In  a  physiological  point  of  view  the 
two  openings  of  the  larynx,  the  glottis  and  the  rima 
glottidis,  are  the  most  important.  The  former  lies  be- 
hind the  epiglottis,  and  between  two  mucous  folds  which 
pass  from  it  backwards  and  inwards  to  the  arytenoid 
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cartilages  ;  it  is  widely  opened  during  inspiration,  and 
during  deglutition  is  shielded  by  the  epiglottis,  which, 
falling  backwards  and  downwards,  closes  it  like  the  lid 
of  a  box. 

The  vocal  cords,  or  thyro-arytenoid  ligaments,  are  4 
in  number — 2  at  each  side.  The  false,  or  superior,  are 
wide  and  loose,  and  are  di\'ided  from  the  true,  or  inferior, 
by  a  space  termed  the  ventricle,  from  which  a  small 
cavity  leads  off,  the  sacculus  laryngis  of  Hilton,  of  use 
in  secreting  mucus  to  lubricate  the  cords,  Each  true 
cord  arises  from  the  concavity  of  the  thyroid  cartilage, 
and  is  inserted  into  the  anterior  angle  of  the  base  of  ary- 
tenoid cartilage  ;  the  thyro-arytenoid  muscle  lies  along 
its  outer  edge,  and  adheres  to  it.  It  is  composed  of 
yellow  elastic  tissue,  and  measures  about  of  an  inch, 
or  somewhat  less  in  the  female.  Voice  is  due  to  their 
vibration,  excited  by  the  air  as  it  is  expired,  a  fact  first 
stated  in  1741  hyFerrein.  The  cords  converge  in  front, 
and  leave  a  triangular  space  between  them,  the  rima. 
When  the  organ  is  quiescent,  their  surfaces  are  not 
parallel  to  the  column  of  air,  but  during  vocalisation 
they  become  so,  as  demonstrated  by  the  Fiev.  Prof. 
Willis,  of  Cambridge — owing,  as  he  believed,  to  the 
action  of  the  thyro-arytenoid  muscles.  Prof.  Croker 
King,  late  of  Queen's  College,  Galway,  has  proved,  by 
experiment  and  most  ingenious  arguments,  that  this 
parallelism  is  mainly  effected  by  the  oblique  fibres  of 
the  arytenoid  muscle,  which  constitute  part  of  a  bent 
lever  of  the  first  order.  He  describes,  as  follows,  the 
effect  on  the  vocal  cords  of  the  motions  of  the  arytenoid 
cartilages:  "The  forward  motion  -will  relax  and  the 
backward  movement  will  stretch  the  vocal  cords  ;  the 
rotation  in  a  direction  outwards  on  the  vertical  axes  will 
separate,  and  the  rotation  inwards  will  approximate  the 
vocal  cords ;  the  rotation  on  the  horizontal  axes,  inwards 
and  outwards,  will  cause  the  anterior  spur  to  revolve, 
and  to  carry  with  it  the  vocal  cord,  which  will  thus 
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alternately  incline  towards  and  from  the  cord  of  the  op- 
posite ^de."    His  valuable  paper  will  be  found  in  the 

Transactions  of  the  Eoyal  Irish  Academy  for  1849." 
The  cords  are  but  from  t'o  y\  of  an  inch  asunder 
when  vocaHsing.  Ai'eolar  tissue  seems  to  be  absent 
between  the  mucous  and  elastic  layers  of  the  cords,  as  I 
have  seen  illustrated  in  cases  of  laryngitis,  for  the  03dema 
does  not  extend  below  them.  Such  lax  tissue  would 
probably  interfere  with  their  vibration. 

The  muscles  of  the  larynx  and  their  actions  are  thus 
tabulated  by  Todd  and  Boivman: 

Crico-thjToidei .    .    stretch  the  vocal  cords      .  "1 

(relax  and  place  the  vocal"]   I  govern 'pitch 
cords  in  the  position  for  y  j    of  notes 
vocalisation  J  J 

Crico-arytenoidei    J  separate  the  front  of  the  "1  open  > 

postici  \    aiytenoid  cartilages     J  glottis  govern 

Crico-ai-jiienoidei     f  presstogether  thefront  of  i.  I  aperture 

laterales  \  the  arytenoid  cartilages  j  close  [  of 

.    ,         .  (  press  together  the  back  of  1  glottis  glottis 

Arytenoiaei  •    ■        the  arytenoid  cartilages  /  j 

The  muscles,  cartilages,  and  cords  concerned  in  vo- 
calisation, are  represented  in  the  bird's-eye  view  of  the 
organ  on  the  following  page,  and  their  relative  position 
should  be  carefully  studied  in  order  to  comprehend  the 
exquisite  mechanism  of  the  organ. 

The  larynx  is  supplied  by  2  branches  of  the  pneumo- 
gastric — the  superior  sensitive,  which  serves  to  test  the 
air;  and  the  inferior,  or  recurrent  laryngeal,  which  sup- 
plies all  the  muscles  save  the  crico-thyroid,  to  which  the 
spinal  accessory  sends  a  branch,  accompanying  the  su- 
perior laryngeal.  Section  of  the  inferior  will  prove  fatal 
by  paralysing  all  the  muscles,  and  the  falling  together 
of  the  arytenoid  cartilage  and  cords  produces  apuoea. 
The  larynx  has  been  compared  to  every  variety  of  musi- 
cal instrument — the  stringed,  as  the  violin ;  the  wind, 
as  the  trombone  ;  but  to  those  which  produce  sound  by 
the  vibration  of  a  tongue — as  the  hautboy,  accordeon, 
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&c — it  bears  most  resemblance.  When  the  cords  are 
tense  they  vibrate  rapidly,  and  a  high  note  is  produced  ; 


Tlie  Larynx  viewed  from  above. 


j  '  :  when  relaxed,  fewer  vibrations,  and  a  lower  sound.  A 

:    1  string,  made  tense  by  a  given  force,  will  vibrate  twice  as 

:  rapidly  if  the  force  be  multiplied  4  times  ;  but  in  the 

'  larynx  there  are  so  many  modifying  circumstances,  these 

results  do  not  exactly  hold  good.    Willis  constructed  an 
[I  I  ]  artificial  larynx,  in  which  strings  of  caoutchouc  repre- 

sented the  vocal  cords  ;  and,  with  the  head  of  a  subject 
arranged  as  here  sketched,  many  vocal  sounds  can  be 
imitated,  and  the  efiect  of  tension  or  relaxation,  approxi- 
i  mation  or  separation  of  the  cords  determined.  The 

;  laryngoscope,  so  much  improved  by  Prof.  Czcrmak,  will 

assuredly  improve  our  knowledge  of  the  physiolog}',  as  it 
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has  the  pathology  of  the  organ  of  voice.  When  that  phy- 
siologist visited  Dublin,  the  effect  of  an  aortic  aneurism, 
in  paralysing  one  side 
of  the  organ  by  pressure 
on  the  left  recurrent 
nerve,  was  readily  seen 
in  a  patient  of  mine. 

The  pitch  of  the  hu- 
man voice  varies  with 
the  length,  tension,  and 
elasticity  of  the  cords, 
and  with  the  expiratory 
power  of  the  chest.  In 
singing,  the  vibrations 
succeed  each  other  with 
exactly  uniform  rapid- 
ity. The  following  scale 
shows  the  range  of  the 
male  voice  (bass,  bary- 
tone, and  tenor),  and 
that  of  females,  males 
before     puberty,  and 
eunuchs  (alto,  mezzo- 
soprano,  and  soprano). 

TViP.  mimVior  nf  rlrvnl-vlo  Head  and  Trachea  of  a  subject,  with  weights 
J.  ne   numoer  OI  aOUDie     attached  to  produce  degrees  of  tensim  of 

vibrations  per  second  '^ocai  cords. 
which  take  place  during  the  exercise  of  each  kind  of 
voice  is  noted.  The  concert  pitch  of  the  principal 
London  orchestras  has  been  shown  by  Mr.  Donovan  to 
be  nearly  450.  The  compass  of  the  human  voice  ex- 
tends from  1  octave  to  3^,  which  Catalani  is  said  to 
have  possessed.  About  300  notes  can  be  produced  be- 
tween the  successive  tones,  a  power  peculiar  to  the 
human  voice.  Falsetto  notes  are  produced  by  the 
inner  edges  or  anterior  half  of  the  cords  alone  vibrating. 
So  gi-eat  is  the  variety  of  voice  that  the  old  and  young, 
male  and  female,  and  different  individuals,  may  be  dis- 
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other  parts  of  the  larynx  must  present  minute  diflferences, 
as  diificult,  however,  to  characterise  as  those  which  the 
human  countenance  presents. 

SPEECH 

Is  performed  in  the  buccal  cavity,  and  that  the  larynx  is 
unconnected  with  the  faculty  may  be  proved  by  passing 
a  tube  through  the  nares  to  the  back  of  the  mouth  ; 
when  air  is  forced  through  it  while  the  breath  is  held, 
articulate  sounds  are  expressed,  but  in  whispers.  If  the 
larynx  was  used  at  the  same  time,  vocal  sounds  were 
emitted  along  with  the  whispers.  The  proportional  di- 
mensions of  the  oral  aperture  and  buccal  cavity  give 
rise,  in  a  gi-eat  measure,  to  the  different  vowel  sounds, 


as  shown  by  the  following  table : 

Size  of  Size  of 

Oral  Aperture.  Buccal  Cavity. 

a    as  in    ma  ...       5  ...  5 

a      ,,       name        ...       4  ...  2 

e     ,,      theme       ...       3  ...  1 

o      ,,       cold         ...       2  ...  4 

oo     ,,      cool         ...       1  ...  5 


The  diphthongs  are  produced  by  the  transition  of 
these  states  in  producing  two  pure  vowel  sounds. 

Consonants  are  divided  into  explosive  or  sudden,  in- 
cluding b,  p,  d,  t,  g,  k,  and  continuous,  namely,  v,  f, 
1,  m,  n,  r,  s,  z,  and  also  the  sounds  th  and  sh,  which, 
though  written  in  many  languages  with  two  letters,  are 
really  simple  sounds.  The  division  into  labial,  dental, 
lingual,  palatal,  and  guttural,  is  inaccurate  and  artificial. 

Speaking  Machines  have  been  often  attempted.  It 
is  said  one  constructed  by  Kempelen  could  pronounce 
such  sentences  as  Je  vous  aime  de  tout  mon  coeur," 
"  Imperator  Romanorum,"  &c. 

yentriloquism  was  said  by  Magendie  to  be  but  the 
imitation  in  the  larynx  of  sounds  produced  at  a  distance  ; 
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by  others,  to  be  produced  by  using  the  air  in  inspiration 
instead  of  expiration,  for  vocalising ;  and  by  Midler  to  be 
performed  by  filling  the  chest  so  fully  as  to  protrude  the 
abdominal  viscera,  and  then  allowing  air  to  escape  slowly 
by  contracting  the  sides  only  of  the  chest,  the  glottis 
also  being  kept  narrow.  An  expert  professor  of  the  art 
also  deceives  our  other  senses  by  directing  attention  to 
some  spot  in  the  direction  whence  we  suppose  the  sound 
to  issue. 

Stammering  is  usually  no  structural  fault  of  the  vocal 
organs,  but  a  nervous  affection — volition,  and  co-ordi- 
nating influence  over  the  articulating  muscles  being  im- 
perfect. It  is,  therefore,  much  augmented  by  mental  ex- 
citement and  the  anxiety  to  speak  correctly  which  is 
usually  evinced,  and  these  facts  suggest  to  us  the  prin- 
cipal curative  indications. 

QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  What  constitutes  the  skeleton  of  the  larynx,  and  what  the 
active  parts  ? 

2.  What  is  the  action  of  the  posterior  crico-aryteniod  muscles  ? 

3.  What  musical  instrument  resembles  the  larynx  most,  and  ex- 
plain the  analogies  ? 

4.  Can  the  nature  of  ventriloquism  be  explained  physiologically  ? 

SENIOK. 

1.  Explain  the  mechanism  of  the  vocal  cords,  and  say  how  they 
are  stretched,  relaxed,  approximated,  and  separated. 

2.  An-ange  the  varieties  of  voice  according  to  the  rapidity  of 
vibrations. 

3.  What  are  the  organs  of  speech,  and  how  has  it  been  shown 
that  articulation  is  not  produced  in  the  larynx  ? 

4.  Wliat  are  the  nature  and  remedy  of  stammering  ? 
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CRANIAL  NERVES  AND  SPECIAL  SENSES. 

The  cranial  nerves  are  9  in  number  according  to  Willis's 
arrangement ;  whereas  Sommering,  by  subdividing  the 
7th  and  8th,  enumerated  12.  Their  functions  are  most 
varied,  some  being  specially  sensitive,  others  purely  mo- 
tor, and  a  third  class  are  compound.  As  all  of  them,  ex- 
cept the  pneumogastric  and  spinal  accessory,  are  in  part 
or  wholly  distributed  to  the  organs  of  sense,  it  will  be 
best  to  consider  them  in  describing  these  organs.  They 
may,  however,  be  classified  according  to  their  functions 
as  follows : 

Special.  Motor.  Mixed. 

1st.   Olfactory.  3rd.  Oculomotor.  5tli.  Trifacial. 

2nd.  Optic.  4th.  Trochleator.  8th  Pueumogastric. 

(5th.  Gustatoryoftrifacial)  6th.  Abducens. 
7th.  Auditory.  7th.  Facial. 

8th.  Glossal  branch  of      8th.  Accessory, 
glosso-phai'yngeal.  9th.  Lingual. 

The  special  senses,  "  the  gateways  of  knowledge,"  are 
five  in  number — namely,  touch,  taste,  smell,  sight,  and 
hearing ;  and  they  are  termed  special,  as  each  has  its 
proper  excitant  to  which  the  others  are  insensible.  The 
three  first  require  the  application  of  ponderable  agencies  ; 
light  and  sound  are  imponderable  influences.  Sensa- 
tions are  objective  when  an  impression  is  made  on  the 
periphery,  and  conducted  back  by  the  nerve  to  that  part 
of  the  cranio -spinal  axis  appropriated  for  its  perception  ; 
subjective,  when  produced  by  some  central  cause. 

TOUCH 

We  shall  fii'st  describe,  as  it  is  the  most  generally  dif- 
fused over  the  body,  and  also  throughout  the  animal 
kingdom.    It  exists  in  the  interior  of  the  body,  and  we 
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Cuticle. 


PapillcB. 


become  thus  aware  of  such  conditions  as  pain,  warmth, 
repletion,  &c.  ;  but  as  it  attains  the  highest  degree  of 
perfection  on  the  surface,  we  may  regard  the  skin  as  its 

special  organ.  The  an- 
nexed diagram  represents  a 
section  of  the  skin,  and  its 
various  parts  are  described 
in  the  ensuing  pages. — 
On  the  surface  is  seen  the 
cuticle,  with  the  deeper 
cells  more  rounded  and  of 
a  darker  colour  than  those 
which  lie  externally,  the 
gradual  transition  showing 
that  the  rete  mucosum,  or 
layer  between  the  cuticle 
and  cutis,  has  no  real  exist- 
ence. Next  are  seen  seve- 
ral papillas  with  branching 
nerve  filaments,  and  at  the 
base  they  are  seen  to  be 
continuous  with  the  base- 
ment layer.  The  areote 
of  this  portion  are  filled 
with  fat  cells.  To  the  left 
is  seen  a  pei'spiratory  gland 
and  its  excretory  duct  tak- 
ing a  spiral  course  through 
r,-     ^  ^ffi,^  <!i the  cuticle.     A  hair  is 

Diagram  of  the  Skin.  .     .      n  ii.  i      •  + 

To  the  left  is  a  perspiratory  tube,  and  in  ^gViXQQ.  m  itS  follicle,  mtO 
the  centre  a  hair  in  its  follicle,  with  ^]]^[(>\^  jg  inserted  OnC  of 
an  erector  muscle  attached,  and  two   ,  ,  .,  j 

sebaceous  glands  opening  into  it.  the  CrCCtOreS  pilorum,  ana 

two  sebaceous  glands,  with  an  entozoon  in  each. 

The  skin,  like  the  internal  integument  we  have  before 
described,  is  divisible  into  2  layers— the  cuticle  and  cutis 


Cutis. 


vera 


The  Cuticle,  epidermis,  or  scarf-skin,  is  thickest  m 
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places  exposed  to  pressure — as  the  soles  of  feet  and 
palms  of  hands — and  as  it  follows  the  arrangement  of 
the  true  skin,  it  presents  furrows  and  other  markings,  in 
some  situations,  as  the  fingers.  It  is  composed  of  cells — 
round,  large,  and  moist  next  the  cutis,  and  getting 
flatter,  smaller,  and  drier,  through  successive  layers,  till, 
becoming  scales,  they  are  cast  off  at  the  surface.  The 
deepest  and  newly-formed  cells  constitute  the  "rete  mu- 
cosum,  vel  Malpighii."  They  are  of  a  darker  colour, 
being  filled  with  pigment  granules,  and  are  black  in  the 
Negro.  Scars  are  white,  as  the  new  cuticle  and  cutis 
adhere,  the  rete  mucosum  not  being  restored.  The 
coloration  due  to  nitrate  of  silver  and  bile  has  its  seat  in 
this  tissue.  The  dark  colour  of  races  inhabiting  warm 
countries  is  of  use  in  absorbing  the  rays  of  heat,  pro- 
ducing evaporation  and  consequently  cold.  It  appears 
to  be  due  originally  to  the  carbon  of  the  tissues  not  being 
sufficiently  bm'ned  off,  as  the  air  is  so  rai'e  in  the  warm 
countries  which  they  inhabit  and  their  diet  is  so  car- 
bonaceous. The  sweat  ducts  open  obliquely  through  the 
cuticle — so  that  when  serum  collects  under  it  after  a 
blister,  it  does  not  escape. 

Cuticle,  as  well  as  hair  and  nails,  consists  of  keratin, 
a  substance  intermediate  between  the  albuminoids  and 
gelatin,  and  containing  sulphur.  The  cuticular  appen- 
dages are  the  nails  and  hairs.  Nails  and  their  analo- 
gues— claws  and  hoofs — serve  for  prehension  or  support 
at  the  extremities  of  the  fingers  and  toes.  The  root  of 
the  nail  is  set  upon  a  highly  vascular  and  sensitive  sur- 
face, the  matrix,  consisting  of  a  row  of  papillae,  which 
secrete  the  horny  tissue,  and  which,  for  this  reason,  often 
presents  longitudinal  streaks.  Near  the  root  there  is  a 
whitish,  opaque,  semilunar  mark — the  lunula — and  in 
front  of  this,  streaks  corresponding  to  the  markings  of 
the  cutis.  Nails  grow  rapidly  and  in  a  peculiar  curved 
or  adunque  form  in  phthisis. 

Hairs  grow  on  all  parts  of  the  skin  save  the  palms 
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and  soles,  and  more  abundant  on  the  ventral  than  the 
dorsal  surface  in  man  alone.  A  hair  consists  of  a  bulb 
lodged  in  a  follicle,  and  a  shaft  projecting  beyond  the 
skin.  The  follicle  is  an  inflection  of  the  cuticle,  and  its 
cells  become  continued  on  the  hair,  being  loaded  with 
pigment  if  its  hue  is  dark.  The  shaft  consists  of  a  soft 
pith,  or  medulla,  and  a  cortex  which  forms  }  of  the 
entire  thickness,  and  is  composed  of  horny  scales,  inbri- 
cating  or  overlapping  each  other  in  a  manner  peculiar 
to  each  animal.  The  latter  fact  has  been  taken  advan- 
tage of  in  medico -legal  investigations  to  distinguish 
human  hair  from  that  of  other  animals.  Its  diameter 
varies  from  rzo  to  ttoo,  black  hair  and  that  of  the  beard 
being  coarser  than  flaxen  hair  or  that  of  the  head.  When 
they  are  cut  short  they  again  become  pointed  at  the  end, 
which  is  said  to  prove  organization.    Feathers,  down. 


Section  of  a  Dark  Hair,  after  Kolliker. 
a.  Medulla,    b.  Cortex  with  pigment  tpots.    c.  Inner  layer  of  epidermis,  d. 
Outer  layer,    e.  Inner  root-sheath,  or  Huxley's  Uyer.    f.  Outer,  or 
Henle's  layer. 

quills,  and  even  horns,  are  modifications  of  this  cuti- 
cular  appendage.  The  medulla  is  soft,  and  apparently 
tubular  in  some  animals ;  and  in  the  seal,  cat,  &c.,  a 
nervous  and  vascular  papilla  is  developed  at  the  root. 
In  other  animals  the  erectores  pilorum,  or  muscular  slips 
which  produce  the  state  called  cutis  anserina  in  man, 
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are  very  distinct.  The  colours  of  hair — black,  brown, 
red,  or  yellow — depend  on  the  quantity  of  iron  in  the 
pigment,  which  is  of  an  oily  nature.  It  has  been  said 
that  fright  or  other  emotions  have  decolorized  hair  in  a 
few  hours,  but  as  no  vessels  permeate  it,  these  statements 
are  unaccountable.  Hairs  when  rubbed  become  electri- 
cal, and  are  so  sensitive  to  atmospheric  changes  as  to  be 
used  as  hygrometers.  In  the  remarkable  disease  termed 
"Plica  Polonica,"  hairs  become  matted  together  by  a 
glutinous  secretion,  and  are  said  to  bleed  when  cut.  It 
is  said  hairs  grow  after  death,  which  opinion  has  origi- 
nated from  the  projection  of  them,  owing  to  the  shrink- 
ing of  the  skin  and  tissues  beneath  it. 

The  Cutis  is  composed  of  white  and  yellow  fibres,  the 
former  abounding  where  fixity  is  necessary,  as  in  the 
sole  of  the  foot;  the  latter  predominating  wherever  elas- 
ticity is  required,  as  near  joints.  Acetic  acid  dissolves 
the  white,  and  thus  displays  the  yellow  arranged  in 
diamond-shaped  meshes ;  and  tannin  converts  it  into  an 
insoluble  matter,  as  in  the 
making  of  leather. 

The  contractility  of  the 
skin  after  death,  if  stimu- 
lated by  galvanism,  indicates 
the  presence  of  muscular 
tissue,  and  this  is  most 
abundant  in  the  scrotum 
and  about  the  nipple.  The 
cutis  lies  on  a  layer  of  areolar 
tissue,  the  superficial  fascia. 
Lymphatics  are  so  abundant 
in  some  places  that  their 
meshes  are  but  ^  wide  ; 
medicines  applied  endermi- 
cally  by  blistering  or  inunc-         c«pe«an:«  of  the  skin. 

tion  are  thus  readily  absorbed.  The  surface  of  the  cutis 
is  covered  with  nervous  and  vascular  processes  about  tU 
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in  length,  the  papillae,  and  this  layer  is  termed  the  cor- 
pus papillare.  Their  size  and  number  vary  in  different 
parts  of  the  body  ;  in  the  hand  they  are  arranged  in 
curved  rows  to  which  the  cuticle  corresponds,  there 
being  often  40  rows  in  one  square  inch,  and  60  pairs  of 
papillae  in  each  row.  A  little  artery  enters  each  papilla, 
and  is  united  to  a  vein  by  capillaries  in  loops.  Nerve- 
tubes  can  be  traced  as  far  as  the  papillae,  in  which  they 
become  indistinct — probably,  by  losing  the  white  sub- 
stance of  Sclmann,  as  in  other  special  sense  expansions. 
Wagner  discovered  "  corpuscula  tactus"  in  them,  which 
are  analogous  probably  to  the  Pacinian  corpuscles. 

These  latter  bodies  are  found  in  the 
nervous  pulp  of  the  fingers  and  toes, 
especially  if  roughly  used,  and  also  in 
the  mesentery  of  the  cat,  and  other 
places  where  tactile  sense  does  not 
seem  to  specially  reside.  As  they 
measure  -^^  they  can  be  seen  readily 
on  the  twigs  of  the  digital  nerves.  A 
nerve-tube  passes  up  through  the  whole 
axis  of  the  body,  and  having  lost  its 
white  substance,  is  of  a  pale  colour. 
It  usually  ends  in  a  blunt  extremity, 
but  in  some  instances  it  passes  on  to 
another  corpuscle  on  the  same  nerve- 
stalk,  and  then  regains  its  outer  coat 
as  it  leaves  the  first  corpuscle.  The 
rest  of  the  body  consists  of  concentric 
lamina,  often  60  in  number,  the  outer 
being  separated  by  fluid  which  escapes 
as  each  layer  is  punctured.  From  this 
^i/STer^St  arrangement  their  discoverer  compared 
the  centre.  them  to  the  elcctric  organs  of  some 

fishes.  That  they  are  rather  ganglionic  than  essentially 
appendages  to  the  spinal  system,  would  appear  from  the 
fact  that  they  are  enlarged  in  paralysed  limbs,  and  Cru- 
veillmr  regards  them  as  altogether  abnormal. 
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The  Glands  of  Skin  are,  1,  sebaceous,  which  always 
accompany  hairs,  and  are  therefore  absent  in  the  palms 
and  soles.  They  are  largest  and  most  numerous  about 
the  nose,  arms,  groin,  and  other  flexures.  They  lie 
under  or  in  the  structure  of  the  cutis,  and  2  or  3  open 
into  each  hair  foUicle.  They  secrete  an  oily  hydro- 
carbon, of  which  the  system  is  thus  ridded,  and  which 
serves  to  lubricate  and  render  pliant  the  skin.  Simon 
discovered  the  entozoon  folliculorum  in  these  glands. 
The  Meibomian  glands  and  the  odoriferous  glands,  which 
Tyson  discovered  round  the  glans  penis,  are  modified 
sebaceous  glands.  The  latter  are  peculiar  in  not  ac- 
companying hairs  ;  the  smegma  prseputii  which  they 
produce  contains  many  epithelial  scales.  The  wax  glands 
of  the  ear  pour  out  a  material  somewhat  analogous  to 
sebaceous  secretion,  but  in  anatomical  configuration  they 
more  resemble  the  sweat  glands.  2.  The  sudoriferous 
glands  lie  deeper,  usually  set  in  the  subcutaneous  fat, 
the  particles  of  which  they  much  resemble — but  they 
have  a  pinker  tint.  Each  consists  of  a  tube  inflected 
from  the  cuticle  which  gives  it  its  epithehal  lining,  the 
basement  layer  being  derived  from  the  true  skin.  It 
is  spiral  in  the  cutis  except  near  the  papillaa,  and  again 
spiral  while  it  passes  through  the  cuticle ;  and  as  it  has 
no  basement  layer  here,  it  may  be  regarded  as  merely 
a  tubular  passage  in  it.  It  opens  in  an  obHque  or  valve- 
like orifice  about  in  diameter.  E.  Wilson  calculates 
there  are  3528  perspiratory  openings  on  the  square  inch 
of  the  palm,  or  2800  on  an  average  over  the  whole  body. 
As  the  surface  of  a  man  of  ordinary  stature  equals  about 
2500  square  inches,  and  as  each  duct  is  about  i  of  an 
inch  long,  he  concludes  there  are  28  miles  of  such  tubing 
I  altogether. 

The  functions  of  the  complex  organ  we  have  sketched 
are  numerous,  and  may  be  divided  into  mechanical,  sen- 
isitiye,  and  excretory.  1.  The  skin  aff"ords  a  tough  yet 
flexible  and  elastic  covering  to  the  whole  surface — modi- 
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fied  in  various  places  according  to  circumstances.  The 
cuticle,  like  a  varnisli,  retains  moisture,  and  when  it  is 
removed  from  any  part  of  the  subject,  this  soon  dries 
up ;  it  also  blunts  the  too  high  sensibility  of  the  papil- 
lary surface.  Its  appendage,  hair,  tends  to  preserve  a 
uniform  temperature.  The  skin  is  not  impermeable  to 
moisture,  as  increase  of  weight  takes  place  by  immersion 
in  a  bath,  and  thirst  has  been  thus  relieved.  It  is  pro- 
bable that  the  hands  and  feet  are  the  only  place  where 
absorption  of  water  takes  place,  as  all  other  parts  are 
made  water-proof  by  the  sebaceous  secretion.  2.  The 
relative  sensibility  of  different  parts  of  the  surface  de- 
pends chiefly  on  the  number  of  papillse,  and  can  be 
determined  by  Weber  s  method.  He  placed  the  points 
of  a  compass,  slightly  blunted,  at  various  distances  on 
the  skin  of  a  person  blindfolded,  and  found,  for  instance, 
that  they  should  be  separated  3  inches  on  the  back  of 
the  thigh  before  they  were  perceived  as  separate  points 
of  contact.  On  the  tip  of  the  tongue  and  the  middle 
finger  a  separation  of  gave  rise  to  two  perceptions  of 
touch.  These  results  did  not  vary  in  one  individual  for 
11  years.  The  difierence  depends  much  on  the  thick- 
ness of  the  cuticle,  for  there  are  not  50  times  as  many 
papillae  upon  the  tongue  as  upon  the  back.  This  method 
may  be  employed  to  ascertain  the  amount  of  anaesthesia 
in  many  cases  of  disease.  If  the  points  be  di-awn  from 
a  sensitive  surface  to  one  less  so,  the  person  will  think 
they  converge,  and  vice  versa.  The  other  senses  greatly 
aid  touch,  and  if  they  are  lost  it  becomes  greatly  ex- 
alted— thus,  our  noble  countryman.  Lord  Bosse,  informs 
us  that  the  only  efficient  pohsher  of  telescope  specula 
in  London,  some  years  ago,  was  a  blind  man  named 
Cuthbert.  Saunderson,  professor  of  mathematics  at  Cam- 
bridge, although  blind,  could  distinguish  spurious  medals 
from  genuine  ones  by  touch,  and  RudoJjjhi  records  an 
instance  where  a  blind  man  could  distinguish  diflerent 
coloured  cloths.    These  remarkable  results  were  pro- 


TOUCH. 


339 


bably  due  to  different  conducting  powers,  for  if  rods  of 
metals  be  immersed  in  a  water  bath,  they  will  also  as- 
sume a  slightly  varying  temperature.    Glass  and  delph 
only  feel  cold  for  a  short  time,  till  the  surface  becomes 
heated ;  but  metal,  which  is  a  better  conductor  of  heat, 
feels  cold  much  longer.    We  can  obtain  much  infor- 
mation by  the  amount  of  pressure  we  make  on  the  sur- 
face— thus,  if  we  take  another  person's  finger,  and  move 
it  over  a  plane  surface,  first  lightly,  and  then  with 
greater  pressure,  and  then  lightly  again,  they  will  be- 
lieve the  surface  is  convex,  or  concave  if  this  order  be 
reversed. 

Another  remarkable  deceptive  sensation  is  noticed  by 
Aristotle.  If  a  pea  be  rolled  between  the  index  and 
middle  finger,  we  do  not  get  a  separate  impression  from 


Aristotle  s  Experiment  with  a  Pea. 

each  finger ;  but  if  they  be  crossed,  as  here  sketched, 
the  judgment  completes  each  impression,  which  do  not 
correspond,  into  a  separate  object. 

The  weight  of  bodies,  too,  we  otten  judge  of  from 
previous  conception.  Thus,  shortly  after  Sir  H.  Davy 
had  discovered  the  metal  potassium,  he  placed  some  of  it 
in  the  Rev.  Dr.  Pearson's  hands,  who  exclaimed :  "Bless 
me!  how  heavy  it  is!"  although  its  specific  gravity  is 
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less  than  that  of  water.  We  estimate  the  weight  of  bodies 
partly  by  touch,  and  partly  by  the  amount  of  muscular 
exertion  necessary  to  support  them.  To  such  a  property 
the  term  "muscular  sense"  is  given  by  many.  Schiff, 
however,  states  that  we  gain  information  as  to  the  state  of 
our  muscles  by  the  folding  and  stretching  of  our  skin,  an 
idea  which  Lewes  endeavoured  to  controvert  by  showing 
that  a  skinned  frog  could  perform  purposive  movements. 

The  sensations  of  heat  and  cold  are  probably  con- 
ducted by  the  ordinarj''  nerves ;  but  there  are  some  cases 
recorded  where  these  feelings  were  lost  though  common 
sensation  remained.  Besides  the  degree  of  temperature, 
the  extent  of  surface,  the  amount  of  heat,  and  period  of 
application  of  a  heated  body  make  much  difference  ;  thus, 
the  whole  hand  cannot  bear  hot  water,  which  the  finger 
can  without  inconvenience.  If  one  hand  be  placed  in 
hot  water  and  the  other  in  cold  for  some  time,  and  then 
if  both  are  plunged  in  water  of  a  medium  temperature, 
this  will  seem  cold  to  the  hand  which  was  in  the  hot 
water,  and  hot  to  that  which  was  in  the  cold.  This  ob- 
servation, and  the  well-known  fact  that  a  moderate  cli- 
mate will  differently  affect  the  inhabitant  of  a  hot  or  cold 
climate,  shows  that  such  sensations  are  merely  relative ; 
but  the  skin  gives  us  useful  warning  of  changes  of  tem- 
perature, so  necessary  in  our  variable  climate.  The 
right  hand,  which  is  more  sensitive  to  ordinary  impres- 
sions than  the  left,  is  less  so  to  that  of  temperature.  As 
is  the  case  in  other  senses,  sensations  may  remain  long 
after  the  impression  is  removed.  Subjective  sensations 
are  exampHfied  in  such  feelings  as  tingling — those  known 
as  "  pins  and  needles,"  being  "asleep,"  creeping  of  in- 
sects (formication),  itching,  chilliness,  and  a  great  variety 
of  pains,  all  referable  to  central  causes. 

3.  As  regards  cutaneous  secretion,  the  great  quantity 
of  epidermis  which  is  constantly  being  shed  may  be  re- 
garded in  that  light,  and  the  sebaceous  matter  is  also  a 
hydro-carbonaceous  effete  product.    We  have  seen  be- 
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fore  that  the  skin  was  a  respiratory  surface,  producing 
that  characteristic  result  of  combustion — carbonic  acid ; 
and,  lastly,  this  organ  rids  the  blood  of  superabundant 
water  and  some  saline  materials.  The  great  system  of 
sudoriferous  glands  differs  from  most  others  in  not  being 
aggregated  into  one  mass,  but  spread  over  a  great  extent, 
and  it  is  thus  more  exposed  to  atmospheric  changes,  ac- 
cording to  which  its  activity  is  regulated.  Sensible  and 
insensible  are  the  names  given  to  perspiration,  according 
to  its  amount;  and  the  latter,  which  is  a  constant  secre- 
tion, was  determined  by  Lavoisier  and  Seguin,  by  enclos 
ing  the  body  in  a  water-proof  bag.  They  found  the 
quantity  equal  to  11  grains  per  minute,  or  about  2| 
tbs.  daily,  and  the  amount  of  pulmonary  exhalation  was 
7  grains  in  the  same  period.  Valentin  calculated  the  en- 
tire daily  excretion  by  skin  and  lungs  at  B^tbs.,  which 
was  precisely  the  amount  Southwood  Smith  found  men 


employed  in  gas  works  lost  in  one  hour.  The  secretion 
from  the  skin  contains  : 

Water   995-00 

Animal  matters  with  lime   0*10 

Sulphates  and  matters  soluble  in 

water   1-05 

Chlorides   2*40 

Acetic  acid,  acetates,  lactates, 

and  alcohol  extracts   1-45 


1000-00 

Lactic  acid,  muriate  of  ammonia,  oxide  of  iron,  fatty 
matter,  urea,  and,  very  plentifully,  formic  acid,  are  some 
other  constituents  which  chemists  have  detected.  This 
latter  acid,  so  named  from  being  first  found  in  the  formica 
or  ant,  constitutes  the  stinging  poison  of  some  insects. 
Rev.  Prof.  Haughton  has  however  never  been  able  to  de- 
tect any  nitrogenous  matter  excreted  from  the  skin.  The 
nicely-balanced  relation  between  the  activity  of  the  kid- 
ney and  skin  has  been  alluded  to  when  describing  the 
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functions  of  the  former.  About  100  grains  of  solid  mat- 
ter is  excreted  daily  by  the  skin;  but  this  is  hardly 
enough  to  produce  the  debility  which  often  accompanies 
profuse  sweating  ;  colliquative  perspiration  is  more  a  re- 
sult than  a  cause  of  weakness,  and  the  fatigue  produced  by 
exercise  in  a  heated  room  is  rather  the  effect  of  want  of  air. 
The  organic  matter  is  in  a  decomposing  state ;  and  thus, 
if  retained  in  the  system,  owing  to  an  obstructed  state  of 
the  cutaneous  glands — or  if  inspired,  owing  to  defective 
ventilation,  becomes  a  prolific  source  of  zymotic  diseases. 
I  have  dwelt  at  length  on  means  we  possess  for  preserving 
cutaneous  functions  in  my  "Lectures  on  Public  Health," 

TASTE 

Is  exercised  principally  by  the  tongue — an  organ  com- 
posed of  many  muscles  woven  together,  only  one  of  which, 
the  lingualis,  is  intrinsic  to  it.  Its  exquisite  mobility  fits  it 
for  the  purposes  of  mastication,  deglutition,  and  speech, 
as  we  have  before  described,  but  it  still  remains  to  be 
considered  as  the  organ  of  taste.  The  mucous  mem- 
brane of  the  upper  surface  of  the  tongue  has  a  thick 
scaly  epithelium,  which,  when  thrown  ofl'  too  abundantly, 
forms  the  fur  characteristic  of  many  diseases.  The  pa- 
pillae are  of  3  kinds.  1.  Filiform,  which  occur  chiefly 
along  the  centre,  where  they  are  curved  backwards. 
Their  epithelium  forms  stiff  brush-like  projections  about 
a  line  long.  These  papillte  are  more  connected  with 
mastication,  as  they  can  rasp  and  bruise  the  food,  and 
with  them  the  tiger  can  remove  the  skin  from  the  ani- 
mal on  which  it  preys.  They  can  likewise  estimate  the 
muscular  effort  of  mastication.  2.  Fungiform,  which 
are  found  along  the  tip  and  sides  of  the  organ,  mingled 
with  the  last  described.  They  have  many  secondary  pa- 
pillae on  their  surface,  and  having  thin  cuticle  they  rise 
up  as  little  red  points  if  any  acid  or  other  sapid  body 
is  placed  on  the  tongue.  3.  The  calyciform  papillffi 
are  surrounded  by  a  furrow — hence  termed  circumval- 
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late — and  lie  at  the  base  of  the  tongue  arranged  in  two 
rows  of  5  or  6  each,  converging  behind  to  the  foramen 
coecum,  which  is  just  in  front  of  the  epiglottis  with  the 
uvula  dangling  just  over  it. 


The  Tongue :  its  papillae,  glosso-phnryngeal,  gustatory,  and  Ungual  nervei. 

All  the  papillae  are  freely  supplied  with  blood  by  an 
artery  which  loops  within  them,  and  the  nerve-tubes  are 
said  to  have  the  same  form  of  distribution,  but  their 
exact  mode  of  termination  cannot  be  determined;  they 
have  been  said  to  be  traced  as  far  as  the  epithelium. 
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All  sapid  bodies  are  soluble,  but  the  physical  qualities 
of  insoluble  bodies  can  be  also  ascertained  by  the  tongue, 
which  we  mentioned  has  exquisite  tactile  sensibility. — 


The  Filiform,  Fungiform,  and  Calyciform  Papillcs. 


All  sapid  substances  belong  to  the  class  of  bodies  which 
Grraham  terms  "  crystalloid,", for  the  "  colloid"  substances 
are  not  able  to  diffuse  through  the  membrane  which  coats 
the  surface  of  the  papillae.  The  palate,  cheeks,  and  upper 
part  of  the  pharynx  have  slight  gustatory  power — so  that 
in  Blmnenhach's  case  of  congenital  absence  of  the  tongue, 
the  sense  of  taste  was  still  present.  The  exquisite  sensi- 
bility of  the  sense  of  taste  may  be  judged  by  the  minute 
quantities  of  various  sapid  substances  which  it  can  dis- 
tinguish ;  thus,  I  have  found  that  tooo  of  a  grain  of 
strychnia  in  a  drachm  of  water  gives  a  distinct  bitter 
taste.  Taste  is  much  aided  by  smell,  and  the  two  func- 
tions are  usually  exercised  together ;  either  pleasant  or 
nauseous  flavours  are  much  decreased  by  holding  the 
nose  so  as  to  prevent  the  odour  of  the  body  which  is 
being  tasted  from  passing  through  the  nares.  Pressure 
and  prolonged  application  of  the  sapid  body  favour  taste, 
and  some  substances  leave  a  most  persistent  impression 
on  the  organ. 
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A  certain  taste  is  occasionally  followed  by  the  subjec- 
tive sensation  of  an  utterly  different  one ;  thus,  many 
sweets  give  rise  to  a  bitter  after-taste,  and  tannin,  which 
is  intensely  bitter  at  first,  tastes  somewhat  sweet  after 
a  while.  It  depends  on  exhaustion  of  the  nerve  to  one 
stimulus,  and  is  analogous  to  the  phenomena  of  comple- 
mentary colours.  After  frequent  use,  the  papillae  seem 
to  lose  their  gustatory  power,  for  if  the  tongue  be  pro- 
truded and  salt  and  sugar  applied  alternately,  we  cannot 
after  a  while  distinguish  between  them  until  the  tongue 
is  appUed  to  the  palate.  If  the  tongue  be  kept  in  water 
either  at  125°  or  82'='  for  a  minute,  it  loses  all  gustatory 
or  tactile  endowments.  The  relative  gustatory  power  of 
various  parts  of  the  tongue  may  be  ascertained  by  apply- 
ing sapid  bodies  in  capillary  tubes,  or  by  covering  it  with 
a  glove  of  softened  parchment,  with  apertures  where 
we  wish  to  make  the  experiment.  Electric  currents,  a 
smart  tap,  or  a  stream  of  air,  produce  gustatory  impres- 
sions on  the  tongue.  As  an  instance  of  subjective  sen- 
sation of  taste,  Magendie  states  that  dogs  licked  their  lips 
and  seemed  to  taste  when  he  injected  milk  into  their 
veins ;  but  some  of  that  fluid  may  have  been  conveyed  to 
the  lingual  papillae,  and  have  thus  produced  a  real  objec- 
tive effect.  In  the  same  way  the  bitter  taste  often  ex- 
isting in  the  mouth  during  indigestion  may  be  due  to 
biliary  matter  being  brought  to  the  organ  of  taste.  The 
trifacial,  glosso-pharyngeal,  and  lingual  nerves  may  be 
here  conveniently  considered,  as  these  cranial  nerves 
endow  the  tongue  with  its  peculiar  functions. 

The  Trifacial,  usually  numbered  the  5th  nerve,  is  re- 
markably analogous,  as  Sn  C.  Bell  noticed,  to  the  spinal 
nerves  in  having  a  sensitive  and  ganglionic  root,  which 
a  motor  twig  then  joins.  The  inferior  maxillary  branch 
is  compound,  in  the  sense  of  having  a  motor  and  sensi- 
tive portion,  but  it  gives  off  separate  motor  and  sensitive 
twigs,  and  none  of  which  are  really  mixed  in  function. 
The  nerve  seems  to  arise  from  the  side  of  the  pons,  but 
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1.  Frontal 


2.  Lacrymal 


3.  Nasal 


Prof.  AlcocJc,  late  of  Queen's  College,  Cork,  traced  it  to 
the  groove  on  the  floor  of  the  4th  ventricle. 

The  sensitive  root  forms  the  Casserian  ganglion,  and 
then  divides  into  3  portions,  the  distribution  of  which  is 
as  follows : — 

I.  Ophthalmic 

'  Supra-trochleator,  to  skin  of  eyelids, 

can  thus,  &c. 
Supra-orbital,  to  skin  of  forehead. 
■  To  lacrymal  gland. 
To  conjunctiva. 

To  join  the  facial  nerve  through  malar 
^  bone. 

,  A.  root  to  the  lenticular  ganglion. 
The  ciliary  nerves. 

The  infra-trochleator,  to  inner  canthus 

and  side  of  nose. 
*>The  proper  nasal 

II.  Superior  Maxillary — 

1.  Temporo-malar,  joining  lacrymal,  supplies  malar 

and  temporal  regions. 

2.  Spheno-palatine,  to  Meckel's  ganglion. 

3.  Posterior  superior  dental. 

4.  Infra-orbital,  to  the  skin  of  the  face. 

in.  Inferior  Maxillary — 

1.  Inferior  dental,  which  sends  the  mental  branch  to 

the  skin  of  the  face. 

2.  Gustatory,  to  lingual  papillae. 

3.  Temporo- auricular,  to  the  skin  of  ear  and  temple. 
The  branches  from  the  motor  division  are  : 

4  &  5.  Temporal 

6.  Masseteric. 

7.  Buccal. 

8.  Pterygoid. 

9  &  10.  Mylohyoid  and  digastric,  which  accompany 
the  inferior  dental. 
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The  functions  of  this  great  nerve  may  be  ascertained 
in  8  ways — 1.  Its  distribution.  All  these  nerves  are 
sent  to  sensitive  surfaces,  except  the  last  six,  which 
supply  and  associate  the  muscles  of  mastication.  Two 
of  these  muscles,  the  buccinator  and  digastric,  also  are 
concerned  in  respiration,  and  thus  receive  a  second 
supply  from  the  facial  nerve. 

2.  By  experiment.  Irritation  of  the  motor  root  causes 
spasm  and  division  of  it,  paralysis  of  all  the  masticating 
muscles.  Very  remarkable  effects  follow  the  section  of 
the  sensitive  root.  One  side  of  the  face  is  rendered 
quite  insensible,  and  irritants  may  be  applied  to  the 
conjunctiva,  nasal  surface,  or  mouth  without  any  effect. 
The  conjunctiva  becomes  dry,  the  cornea  grows  dull, 
then  quite  opaque,  and  at  last  sloughs,  and  the  entire 
eye  is  destroyed.  These  effects  are  partly  due  to  the 
lodgment  of  dust  which  excites  destructive  inflammation, 
and  in  a  greater  degree  to  the  impairment  of  nutrition. 
Many  believe  that  it  is  the  injury  to  the  sympathetic, 
necessarily  occurring  in  such  experiments,  which  gives 
rise  to  these  morbid  changes.  Division  of  the  supra- 
orbital branch  often  produces  amaurosis,  a  fact  which 
cannot  be  satisfactorily  explained.  3.  Disease,  such  as 
softening  of  the  portion  of  the  brain  where  it  arises,  or 
tumom's  pressing  on  the  nerve,  produce  complete  anaes- 
thesia of  the  whole  side  of  the  face,  and  in  some  cases 
the  motor  branch  and  the  masticatory  muscles  are  in- 
volved. If  an  object  be  pressed  on  the  lips,  the  contact 
on  the  diseased  side  will  not  be  perceived,  and  the 
patient  often  observes  that  there  is  a  bit  broken  off  the 
vessel  he  drinks  from.  The  supra- orbital,  infra- orbital, 
and  mental  twigs  are  the  nerves  affected  in  tic  doulou- 
reux or  facial  neuralgia.  This  painful  affection  is  often 
temporarily  excited  by  some  irritant,  such  as  an  ice  in 
the  stomach ;  and  on  the  other  hand  the  fifth  nerve  is 
very  often  the  excitor  nerve  in  many  convulsive  diseases 
which  dentition  gives  rise  to.    It  is  also  the  exciter  to 
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the  function  of  respiration,  and  thus  in  cases  of  fainting 
we  often  induce  an  inspiration  by  dashing  cold  water  on 
the  face. 

The  Glosso-Pharyngeal  arises  in  a  grey  mass  within 
the  olivary  body,  and  passing  between  that  body  and 
the  restiform,  emerges  through  the  jugular  foramen, 
where  it  forms  the  ganglion  of  Ehrenritter,  and  below 
this  a  larger  one,  that  of  Andersch.  The  nerve  then 
runs  with  the  stylo-pharyngeus  muscle,  and  breaks  into 
branches,  for  the  muscles  and  mucous  membrane  of 
pharynx,  and  for  the  lingual  papillae.  Those  branches 
which  go  to  the  pharynx  are  purely  sensitive,  but  either 
by  mixing  with  some  filaments  from  the  spinal  accessory 
or  pneumogastric,  or  by  referring  an  impression  to  the 
medulla,  irritation  of  them  produces  motion  of  the 
pharynx.  The  glosso-pharyngeal  is  then  the  centripetal 
nerve  of  deglutition.  We  shall  now  discuss  the  question 
whether  the  gustatory  or  glosso-pharyngeal  is  the  nerve 
of  taste.  Valentin  asserted  that  the  latter  alone  was  the 
nerve  of  taste,  as  he  found  that  sense  was  lost  on  its 
section.  Panizza  found  that  after  section  of  these  nerves 
dogs  eat  food  mixed  with  colocynth,  for  which  substance 
they  have  an  extraordinary  aversion.  And  again,  the 
swan  and  parrot  possess  taste,  although  no  branch  of 
the  fifth  supplies  their  tongue.  Experiments  have,  how- 
ever, set  the  question  at  rest,  for  it  has  been  proved 
that  the  gustatory  nerve  presides  over  taste  in  the  an- 
terior part  of  the  organ,  where  the  sense  is  more  acute  ; 
and  the  glosso-pharyngeal  at  the  back,  which  supplies 
the  calyciform  papillae,  where-  impressions  ai-e  more  en- 
during. 

The  Lingual  nerve  arises  between  the  pyramid  and 
olivary  body,  escapes  through  the  anterior  condyloid 
foramen,  communicates  with  the  cervical  plexus  and 
gustatory  nerve,  and  supplies  all  the  extrinsic  muscles 
of  the  tongue.  The  lingualis  or  intrinsic  muscle  is  sup- 
plied by  the  facial  nerve,  through  the  corda  tympani, 
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and  is  concerned  in  the  exquisite  movements  of  articu- 
lation, not  those  of  mastication,  which  the  other  muscles 
are.  The  lingual  nerve  is  then  motor  exclusively,  and 
when  divided,  or  injured  by  disease,  the  tongue  becomes 
protruded  towards  the  paralyzed  side  by  the  muscles  of 
the  healthy  side.  Paralysis  of  the  lingualis,  on  the  con- 
trary, produces  thickness  of  speech ;  and  as  its  origin  is 
intra- cranial,  I  have  thus  often  been  able  to  assign  such 
a  cause  as  softening  of  the  brain  for  cases  of  paralysis  of 
the  muscles  supplied  by  the  seventh  pak. 

SMELL. 

The  nasal  fossae  present  an  enormous  mucous  surface, 
from  the  windings  of  the  spongy  bones  and  the  many 
sinuses  which  open  into  them.  Air  holding  odours  in 
suspension  is  admitted  through  the  nostrils,  the  vibrissas 
of  which  strain  it  of  all  foreign  particles,  or  through  the 
posterior  nares  when  sapid  and  odorous  bodies  are  in 
the  mouth.  The  pituitary  or  Schneiderian  membrane 
is  ciliated  in  the  lower  portion  of  the  nares  and  in  the 
sinuses,  and  adheres  most  closely  to  the  periosteum, 
which  is,  in  fact,  its  basement  layer.  In  the  olfactory 
region,  which  includes  the  upper  half  of  the  septum,  the 
roof,  the  upper  spongy  bone,  and  the  upper  half  of  the 
middle  one,  it  is  thick,  soft,  moist,  of  a  sepia-brown 
colour,  very  vascular,  and  not  ciliated.  Under  the 
membrane  lie  many  glands,  somewhat  resembhng  sweat- 
glands,  which  pour  out  an  abundant  moisture,  and 
crowds  of  varicose  capillaries,  looped  like  those  of  the 
skin,  and  which  most  readily  pour  out  blood.  Four 
nerves  supply  the  apparatus  of  smell. 

The  Olfactory,  or  first  cranial  nerve,  should  be  rather 
regarded  as  a  ganglion  connected  with  the  corpus  stria- 
tum in  the  fissure  of  Sylvius,  the  corpus  callosum,  and 
the  anterior  lobe  by  what  are  called  its  3  roots.  The 
prismatic  band,  so  formed,  dilates  into  a  bulb,  in  which 
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there  is,  in  foetal  life  and  some  animals,  a  ventricle  com- 
municating with  the  lateral  ventricle.  This  bulb  lies 
on  the  cribriform  plate  of  the  ethmoid,  through  which 
about  20  nerves  stream  down,  forming  a  plexus  and  lash 
on  the  olfactory  region,  as  here  figured.    In  this  ner- 


The  Meatuses  and  Nerves  of  the  Nasal  Fossa. 

vous  expansion  there  is  no  white  substance  of  Schwann, 
'  but  many  gelatinous  tubules,  continuous  with  the  vesi- 

j  cles  in  the  olfactory  bulb.    It  may  be  stated  that  some 

histologists  regard  these  objects  as  mere  bands  of  con- 
nective tissue,  and  not  nervous  at  all,  and  the}'  certainly 
do  not  degenerate  after  destruction  of  the  bulb.  The 
nerve  now  described  is  the  special  nerve  of  smell,  and  if 
it  be  divided  that  sense  is  at  once  and  irrecoverably  lost, 
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and  disease  of  it  has  been  found  to  impair  or  destroy  the 
function.  Its  size  is  proportional  to  the  acuteness  of 
smell  in  various  animals. 

Bernard  has,  however,  thrown  doubt  on  the  supposi- 
tion that  these  nerves  were  essential  to  smell,  for  he 
found  both  olfactory  bulbs  and  nerves  congenitally  ab- 
sent in  a  subject  he  was  dissecting  in  the  College  de 
France.  On  inquiring  among  the  persons  with  whom 
the  girl  had  lived,  it  was  found  that  odours  (such  as 
those  of  flowers,  tobacco,  &c.)  had  affected  her  agree- 
ably or  disagreeably  like  other  people.  The  nasal  twig 
of  the  opthalmic  division  of  the  trifacial  nerve  is  distri- 
buted generally  over  the  mucous  surface,  and  appears 
to  preside  over  secretion  of  mucus,  for  dryness  and  sub- 
sequent loss  of  smell  follows  its  section.  From  this  ex- 
periment, Magendie  regarded  it  as  the  special  olfactory 
nerve ;  but  the  mere  introduction  of  mucilage  or  glycerin 
restores  smell  after  it  is  divided.  This  is  the  excitor 
nerve  when  irritant  or  pungent  vapours  are  introduced, 
and  it  excites  sneezing  to  expel  them. 

The  naso-palatine  nerve,  a  branch  of  MeckeVs  gan- 
glion, confers  common  sensibility  on  the  nose  ;  and, 
lastly,  the  facial  supplies  some  of  the  muscles  on  its 
outer  sm-face,  which  are  very  ill-devoloped  in  man. 

The  Nature  of  Odours  has  not  been  positively  ascer- 
tained. Odorous  bodies  are  supposed  to  emit  particles, 
which,  conducted  through  the  air,  produce  the  sensation 
of  smell  by  impinging  on  the  olfactory  surface.  A  grain 
of  musk,  however,  was  said  to  have  lost  nothing  in 
weight  appreciable  to  the  nicest  balance  after  having  per- 
fumed a  large  room,  with  open  door  and  windows,  for  10 
years.  Odorous  substances  must  be  presented  in  the  gas- 
eous state  ;  for  if  applied  in  the  solid  form,  or  dissolved 
in  water  (except  in  the  case  of  fishes),  no  sensation  results. 
Graham  believes  that  all  odorous  vapours  undergo  oxi- 
dation before  they  are  perceived.  The  irregularity  of 
surface  of  the  spongy  bone  is  designed  to  catch  an  odor- 
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ous  atom,  in  whatever  way  it  may  pass.  The  keenness 
of  smell  is  such,  that  1  part  of  sulphuretted  hydrogen 
may  be  perceived,  though  diffused  through  a  million  parts 
of  air,  and  we  thus  get  warning  to  avoid  its  pernicious 
eflfects.  The  sense  is  developed  in  some  animals  in  a 
higher  degree ;  and  in  savage  human  tribes  more  remark- 
ably than  in  civilized  nations.  Humboldt  relates  that 
Peruvian  Indians  can  distinguish  various  races  by  smell. 
Repeated  application  of  odours  blunts  the  olfactory  sen- 
sibility, and  frequent  exposure  to  dissecting-room  effluvia 
has  at  least  the  advantage  of  rendering  other  putrid 
smells  less  disagreeable.  In  a  similar  way  I  would  ac- 
count for  the  poor  being  able  to  endure  the  stenches 
which  arise  in  crowded  unsanitary  dwellings.  Such 
odours  may  be  observed  to  linger  in  articles  of  dress, 
especially  those  of  dark  cloth,  for  many  days.  As  an 
instance  of  one  odour  being  judged  of  variously  by  seve- 
ral persons,  it  may  be  stated  that  the  iris  smelt  agree- 
able to  41  persons,  disagreeable  to  1,  and  was  scarcely 
perceived  by  4  others.  Idiosyncrasies  have  been  recorded 
towards  various  odours,  and  some  morbid  irritations 
have  been  said  to  produce  imaginary  or  subjective  sensa- 
tions of  smell.  For  the  exercise  of  touch,  taste,  and 
smell,  the  actual  contact  of  the  excitant  of  each  was 
necessary ;  not  so  in  the  case  of  the  two  exquisite  organs 
of  sense  I  have  now  briefly  to  describe  to  you. 

QUESTIONS  FOR  EXAMINATION. 
JUNIOR. 

1.  Arrange,  as  sensitive  and  motor,  the  nerves  supplying  the 
organs  of  sense. 

2.  Describe  briefly  the  cuticle  and  its  appendages. 

3.  How  would  you  demonstrate  the  tissues  which  are  inter- 
woven in  the  true  sin  ? 

4.  Describe  a  perspiratory  tube. 

5.  What  circumstances  regulate  the  amount  of  sweat,  and  how 
was  the  quantity  per  minute  measured  ? 
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6.  Describe  the  lingual  papillae. 

7.  Sketch  briefly  the  distribution  of  the  trifacial  nerve. 

8.  Compare  the  mucous  membrane  in  the  upper  and  lovrer 
halves  of  the  nose. 

9.  What  four  nerves  supply  the  organ  of  smell,  and  what  arc 
their  respective  functions 

SENIOR. 

1.  Explain  and  exemplify  objective  and  subjective  sensations. 

2.  What  are  the  pecuUarities  of  the  skin  covering  the  palm  of 
the  hand,  the  sole  of  the  foot,  and  the  auditory  meatus  ? 

3.  Describe  the  sensitive  apparatus  of  the  skin,  and  say  how  its 
activity  may  be  estimated. 

4.  Does  the  skin  absorb  ?    Give  proofs  of  your  assertion. 

5.  What  are  the  acids  said  to  be  found  in  perspu-ation. 

6.  Describe  the  nature  of  taste.  Are  sapid  bodies  crystalloid  or 
colloid  ? 

7.  Is  the  gustatory  or  the  glosso-pharyngeal  the  nerve  of  taste  ? 
Support  your  opinion  by  experimental  facts. 

8.  Give  the  histology  of  the  olfactoiy  nerve,  and  reasons  for  and 
against  regarding  it  as  the  sole  nerve  of  smell. 

9.  Say  what  you  know  of  the  nature  and  properties  of  odours. 


SIGHT. 

The  organ  of  vision  is  divided  by  anatomists  into  the 
eye  and  its  appendages,  including  the  eyebrows,  eyeHds, 
lacrymal  apparatus,  the  bony  orbit,  and  its  muscles, 
nerves,  and  vessels.  The  eyebrow,  a  projection  of  skin 
beset  with  hairs,  prevents  sweat  or  falling  bodies  from 
dropping  into  the  eye.  The  upper  eyelid  is  larger  than 
the  lower,  and  consists  of  the  following  structures  :  thin 
skin  connected  to  the  orbicular  muscle  by  fine  areolar 
tissue,  without  fat ;  then  the  palpebral  cartilage,  covered 
on  both  surfaces,  as  Sir  P.  CramjMn  demonstrated,  by 
the  levator  muscle  ;  and,  finally,  the  conjunctiva,  which 
is  reflected  to  the  globe  after  forming  a  sinus,  in  which 
some  suppose  the  tears  course  along.    The  Meibomian 
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glands  lie  in  the  lids  near  the  conjunctival  surface,  and 
they  open  behind  the  cilia  at  its  edge.  They  are  long, 
shrub-like  follicles,  analogous  to  the  sebaceous  glands, 
and  they  pour  out  an  oily  matter  which  prevents  the 
adhesion  of  the  lids  or  the  overflow  of  tears.  There  are 
about  30  in  the  upper  lid.  The  caruncle  is  a  small  mass 
of  sebaceous  glands  which  lies  in  the  inner  canthus,  and 
pours  out  a  white  secretion ;  outside  it  is  the  plica  semi- 
lunaris— a  little  fold  rudimentary  of  the  nictitating  mem- 
brane, so  highly  developed  in  birds  and  some  mammals. 
The  lacrymal  gland  lies  in  the  upper  and  outer  angle  of 
the  orbit ;  it  is  about  the  size  of  a  small  bean,  and  in 
structure  similar  to  the  salivary  glands,  but  has  6  or  8 
ducts.  The  tears  contain  water  and  a  little  chloride  of 
sodium,  and  mucus.  After  washing  across  the  cornea, 
they  pass  into  2  small  apertures — the  puncta,  which 
are  kept  open  and  apart  by  Horner's  muscle,  the  tensor 
tarsi,  which  is  composed  of  striped  and  very  red  fibres, 
and  is  supplied  by  the  facial  nerve.  The  tears  flow 
through  the  puncta  into  the  lacrjniial  sac,  and  then 
through  the  nasal  duct,  which,  after  running  downwards 
and  outwards  for  an  inch  and  a-half,  opens  by  a  valve- 
like slit  into  the  inferior  nasal  meatus. 

The  orbits  are  conical  bony  recesses,  so  arranged  that 
great  range  of  vision  is  allowed ;  thus,  the  eye  can  play 
90°  outwards,  60°  inwards — comprising  a  horizontal 
range  of  150°.  Upwards  it  can  be  thrown  50  ,  and 
downwards  70° — a  vertical  range  of  120°.  In  these 
cavities  there  are  7  muscles,  6  of  which  are  attached  to 
the  globe  of  the  eye.  The  4  recti  are  fixed  behind  at 
the  optic  foramen,  and  are  inserted  in  the  sclerotic,  about 
4  lines  behind  the  cornea.  They  can  thus  turn  the  eye 
in  4  directions,  and  can  retract  it  within  the  orbital 
socket.  The  oblique  muscles  are  2 — a  superior,  which 
runs  through  a  beautiful  pulley,  which  is  for  the  pur- 
pose of  reflecting  its  tendon  towards  the  outer  and  back 
part  of  the  eye,  so  that  it  can  turn  the  cornea  down- 
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wards  and  outwards  ;  and  the  inferior,  which  is  different 
from  the  other  orbital  muscles  in  arising  from  the  an- 
terior part  of  the  floor  of  the  orbit,  and  which  turns  the 
cornea  upwards  and  inwards.  Both  oblique  muscles  can 
converge  and  advance  the  eyes,  and  can  roll  them  on 
their  antero-posterior  axis.    The  orbital  muscles  and 


Contents  of  the  Orbit.  Deeper  Dissection, 

a.  Internal  carotid  gioing  off  ophthalmic.  1.  Globe.    2.  External  rectus, 

'i.  I'M'mtor  of  the  upper  lid.   Z.  Lacry-  3.  Section  of  Superior  rec- 

malgland.  4.  Superior  oblique.  6.  Ex-  tus.    4-6.  Superior  oblique, 

ternal  rectus.   6.  Optic  neroe.  5.  Its  pulley. 

vessels  are  here  represented.  The  motions  of  the  eyeball 
are  greatly  facilitated  by  an  admii-able  smooth  capsule 
discovered  by  Dr.  O'Ferrall  of  St.  Vincent's  Hospital. 
He  exposed  it  by  dividing  vertically  the  lids  and  reflect- 
ing the  segments;  and  by  following  these  directions  I 
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have  always  succeeded  in  demonstrating  it  to  the  class 
at  the  Royal  College  of  Surgeons.  In  an  exhaustive 
paper  in  the  "Dublin  Journal  of  Medical  Science,"  July, 
1841,  its  discoverer  thus  sums  up  its  physiological  and 
pathological  relations  :  "  The  reflections  suggested  by  a 
review  of  the  cases  which  led  to  the  present  inquiry,  as 
well  as  of  this  new  and  curious  mechanism  itself,  may  be 
reduced  to  the  following  propositions  : 

"  1st.  That  the  description  of  anatomists,  which  places 
the  globe  of  the  eye  in  contact  with  the  fat  and  muscles 
of  the  orbit,  is  erroneous. 

"  2nd.  That  there  exists  a  fibrous  tunic,  investing  and 
insulating  the  eyeball,  and  separating  it  from  all  the 
other  structures  in  the  orbit. 

"  3rd.  That  the  uses  of  this  tunica  vaginalis  oculi  are 
to  present  a  smooth  surface,  facilitating  the  movements 
of  the  eye,  and,  by  its  density  and  tension,  to  protect  it 
from  the  pressure  incidental  to  the  swelling  of  the  mus- 
cles during  their  action. 

"  4th.  That  the  openings  in  this  tunic  perform  the 
offices  of  pulleys — giving  a  proper  du-ection  to  the  force 
exerted  by  the  muscles,  securing  the  motions  of  rotation, 
and  of  opposing  those  of  retraction,  which  would  other- 
wise predominate. 

"  5th.  That  certain  cases  of  disease  within  the  orbit, 
accompanied  by  protrusion  of  the  eye-ball,  are  to  be  ex- 
plained only  by  reference  to  the  tunica  vaginahs  oculi, 
and  the  other  fibrous  tissues  now  described. 

"  6th.  That  a  correct  knowledge  of  the  anatomy  of 
the  orbit,  and  of  the  fibrous  structures  alluded  to,  is 
essential  to  the  operating  surgeon  in  dealing  with  ab- 
scesses and  tumours,  in  extirpation  of  the  eyeball,  in 
the  operation  for  strabismus,  and  all  operations  on  that 
cavity." 

I  will  return  to  the  pathological  aspects  of  this  struc- 
ture in  the  second  section  of  this  work. 

In  the  cuttle-fish  a  serous  sac  Ues  between  the  eye  and 
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its  orbit ;  this  has  been  described  as  the  analogue  of  the 
conjunctiva  by  Cuvier,  and  of  the  membrane  of  the 
aqueous  humour  by  Owen ;  but  it  seems  to  me  closely  to 
resemble  the  tunica  vaginalis  oculi. 

The  cranial  nerves  accessory  to  vision  are  the  oculo- 
motor, trochleator,  ophthalmic  division  of  trifacial,  ab- 
ducens,  and  facial,  and  the  sympathetic  also  contributes 
some  filaments. 

The  Oculo-Motor,  or  3rd  nerve,  arises  in  the  locus 
niger  of  the  crus  cerebri,  and  just  behind  the  orbital 
foramen,  splits  into  an  upper  and  lower  branch,  which 
are  respectively  distributed  to  the  levator  palpebrte  and 
superior  rectus,  and  to  the  inferior  oblique,  internal  and 
inferior  rectus.  By  sending  the  motor  twig  to  the  lenti- 
cular ganglion,  it  supplies  the  circular  muscular  fibres  of 
the  iris  and  the  ciliary  muscle.  The  nerve  is  purely  motor, 
as  shown  by  its  distribution,  and  by  its  size  being  pro- 
portioned to  the  development  of  the  muscles  in  various 
animals  ;  thus,  in  the  falcon,  which  has  powerful  iridal 
and  ciliary  muscles,  the  nerve  is  as  large  as  in  man. 
Its  function  is  also  demonstrated  by  galvanic  stimulation 
and  section.  It  presides  over  contraction  of  the  pupil — 
being  thus  antagonistic  to  the  sympathetic — over  adjust- 
ment, and  produces  convergence  of  the  eyes,  which 
always  concurs  in  near  vision.  As  the  eye  is  turned 
upwards  and  inwards,  and  the  pupil  contracted  during 
sleep,  it  is  supposed  to  be  then  still  in  action.  Disease 
of  the  nerve  is  indicated  by  ptosis,  divergent  strabismus, 
mydriasis,  or  dilated  pupil,  and — as  I  lately  ascertained 
in  a  patient  of  mine  in  St.  Vincent's  Hospital — by  im- 
paired ocular  adjustment.  Belladonna  produces  pre- 
cisely similar  effects.  The  calabar  bean,  either  by  stimu- 
lating the  third  nerve  or  paralyzing  the  sympathetic 
filaments,  contracts  the  pupil  so  powerfully,  that  it  may 
be  used  to  break  adhesions  which  remain  after  iritis. 

The  Trochleator,  or  4th  nerve,  is  a  very  fine,  long 
band  arising  from  the  roof  of  the  4th  ventricle  and  the 
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superior  cerebellar  peduncles,  and  distributed  to  the 
orbital  surface  of  the  superior  oblique  muscle,  which  it 
alone  supplies.  Sir  C.  Bell  calls  it  "  the  respiratory 
nerve  of  the  eye,"  and  says  it  is  large  in  all  animals 
capable  of  much  expression.  The  opthalmic,  the  sensi- 
tive nerve  of  the  eye,  and  all  its  appendages,  has  been 
already  described  (p.  347). 

The  Abducent,  or  sixth  nerve,  emerges  between  the 
pons  and  pyramid,  and  after  a  very  free  communication 
with  the  sympathetic  in  the  cavernous  sinus,  supplies 
alone  the  external  rectus,  and  is  thus  purely  motor. 
The  nerve  has  been  found  injured  or  compressed  in  cases 
of  convergent  strabismus.  The  facial  nerve  will  be  after- 
wards described — but  it  may  be  here  mentioned  that  it 
supplies  the  orbicularis  and  tensor  tarsi  muscles,  so  that 
division  of  it  is  followed  by  open  eye  (lagophthalmos), 
and  overflow  of  tears  (stillicidium),  and  stimulation  by 
spasmodically  closed  lids  (blephrospasmus),  and  dryness 
of  the  eye.  The  influence  of  the  sympathetic  on  the 
movements  of  the  iris  and  the  vascular  supply,  has  been 
alluded  to  at  page  293. 

The  Human  Eye  is  almost  a  globe,  its  transverse  and 
vertical  axes  measuring  about  an  inch,  and  its  antero- 
posterior diameter  being  14  lines,  owing  to  the  projection 
of  the  cornea.  Its  parts  are  divisible  into — 1.  Coats, 
or  protective  structures;  2.  Dioptric  media;  and  3.  Ner- 
vous or  percipient  apparatus.  In  the  annexed  represen- 
tation of  a  horizontal  section  of  the  eye-ball,  all  the  parts 
are  kept  proportionably  equal. 

The  Sclerotic  is  composed  of  white  fibres  interwoven 
in  every  direction,  but  leaving  a  few  spaces,  probably 
nutritive,  between  them,  and  forms  a  hollow  sphere  of 
such  toughness  and  resistance  that  it  retains  its  shape 
when  emptied  of  contents.  It  is  covered  anteriorly  bv 
the  tendinous  expansion  of  the  4  recti  (tunica  albu- 
ginea),  which  gives  it  a  whiter  tint,  and  thickens  it.  It  is 
thickest  at  the  entrance  of  the  optic  nerve,  and  thinnest 
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2  lines  behind  the  cornea,  where  rupture  has  occasionally 
occurred.    The  openings  in  this  coat  are,  that  for  the 


Section  oj  tlie  llwnan  Eye. 

I'/ie  following  parts  would  be  pierced  by  a  needle  from  before  backwards  : — 
conjunctiva,  anterior  elastic  cornea,  lanmiattd  cornea,  posterior  elastic 
cornea,  the  aqueous  humour  and  its  sac,  capsule  of  lens,  lens,  capsule.  The 
needle,  if  in  the  axis  of  the  eye,  would  traverse  the  hyaloid  canal,  and  emerge 
through  the  punctum  aureum.  If  laterally,  the  following  coats  would  be 
piprred,  vasctdar,  nervous,  and  Jacob's  layers  of  the  retina,  pigmentary,  ar- 
ierial,  and  venous  layers  of  choroid,  and  thutcleioiie. 
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insertion  of  the  cornea,  for  the  entrance  of  the  optic 
nerve,  and  small  appertures  to  transmit  the  ciliary  nerves 
and  vessels  which  supply  the  organ.  The  sclerotic  is 
cartilaginous  in  many  animals,  and  bony  in  the  sea- 
bream,  as  discovered  by  Dr.  Jacob. 

The  Cornea  is  exquisitely  transparent,  hence  the  term 
"pellucida,"  applied  to  it  in  contra-distinction  to  the 
"  cornea  opaca,"  or  sclerotic.  It  is  circular  posteriorly, 
but  in  front,  being  overlapped  above  and  below  by  the 
sclerotic,  is  about  -h  of  an  inch  transversely,  according 
to  frequent  measurements,  and  a  little  less  from  above 
downwards.  The  cornea  and  sclerotic  thus  form  respec- 
tively J  and  I  of  the  circumference  of  the  globe.  Bowman 
states  that  its  anterior  and  posterior  surfaces  fonn  similar 
and  equi- distant  curves  ;  whereas  Jacob  regards  it  as  a 
meniscus  lens,  thicker  in  the  centre,  and,  as  noticed  by 
Haller,  it  certainly  magnifies  letters. 

The  cornea  can  be  divided  into  5  layers  :  1 .  The  con- 
junctiva, a  mucous  epithelium  which  is  prolonged  from 
over  the  sclerotic  ;  it  is  most  readily  demonstrated  by 
plunging  the  eye  in  boiling  water,  when  it  can  be  peeled 
off  as  a  coagulated  film.  The  eye  of  the  cuttle-fish  has 
no  other  cornea  than  that  which  the  common  integument 
fornis ;  the  serpent's  slough  includes  a  skin  from  the 
cornea,  and  in  the  mus  typhlus  or  mole-rat,  according  to 
Jacob,  hairs  grow  from  it.  Some  cutaneous  emptions 
and  phlyctenular  ophthalmia  raise  up  the  conjunctiva  ; 
and  particles  of  iron  and  other  foreign  bodies  are  often 
impacted  in  it :  this  is  the  oUly  layer  of  the  cornea 
which  is  sensitive.  2.  The  anterior  elastic  lamina  was 
first  clearly  described  by  Bowman.  It  is  hyaline,  ex- 
quisitely transparent,  and  of  high  refractive  power,  so 
that  it  sparkles  in  water.  It  is  scarcely  acted  on  by  any 
reagent,  but  yields,  by  prolonged  boiling,  a  matter  more 
like  chondrin  than  gelatin,  and  peculiar  in  being  soluble 
in  excess  of  its  precipitants.  Although  thicker  (jtsW) 
than  the  posterior  elastic  lamina,  it  is  much  less  easily 
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separated,  as  it  is  tied  to  the  next  layer  by  many  curved 
fibres  ;  but  by  prolonged  maceration  I  have  often  suc- 
ceeded in  separating  it  in  the  horse's  eye.  3.  The 
proper  or  laminated  cornea  consists  of  many  fibrous 
layers,  the  spaces  between  which  are  tubular,  as  de- 
monstrated by  Bowman,  who  with  mercury  has  injected 
these  "  corneal  tubes."  They  are  probably  nutritive 
canals  for  the  cornea,  which  so  far  from  being  non-vas- 
cular heals  after  operations  with  surprising  rapidity. 
Neither  is  it  without  nerves,  for  microscopisis  have 
lately  found  branching  nerve-tubes  in  this  layer.  Owing 
to  the  laminated  arrangement,  the  cataract  needle  is 
more  apt  to  slip  between  the  layers  than  to  pierce  them 
if  the  operator  be  not  careful.  This  layer  becomes 
opaque  by  stretching  it,  or  by  pressure  on  the  globe 
of  the  dead  eye.  4.  The  posterior  elastic  lamina  or 
membrane  of  Demours  and  Descemet  is  quite  similar  to 
that  already  described,  and  with  it  admirably  preserves 
the  due  curvature  of  the  cornea.  5.  The  epithelium  of 
the  aqueous  humour  constitutes  the  last  plane  of  the 
cornea,  and  it  can  scarcely  be  traced  farther  in  the  an- 
terior chamber.  The  anterior  and  posterior  elastic  la- 
minae seem  to  me  to  be  but  the  basement  laj^er  of  the 
conjunctiva  and  membrane  of  the  aqueous  humour  re- 
spectively, and  thus  the  cornea  consists  of  3  essential 
structures — the  conjunctiva  prolonged  from  the  sclerotic, 
the  proper  cornea  continuous  with  this  coat,  and  the 
membrane  of  the  aqueous  humour,  all  somewhat  modi- 
fied to  suit  special  purposes.  The  five  layers  can  be 
distinguished  in  the  annexed  section  by  Mr.  Richardson, 
who  in  an  able  paper  {Dublin  Journal,  February,  1859) 
has  discussed  the  changes  which  staphyloma  produces. 
The  second  figure  illustrates  the  confused  condition  of 
the  cornea  and  anterior  chamber  in  that  disease. 

The  Choroid  and  its  appendage,  the  iris,  form  the 
next  plane,  a  very  fine  areolar  web — sometimes  named  the 
*'  tunica  arachnoidea  oculi,"  or  "membrana  fusca" — in 
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some  places  intervening.  To  convey  clear  ideas  of  this 
coat  and  the  method  of  demonstrating  it,  I  cannot  do 
better  than  quote  Dr.  Jacob's  accui'ate  description  : 

"  This  membrane  is  of  a  deep  brown  or  black  colour, 
being  stained  with  the  colouring  matter  called  the  black 
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Membrane  of  aqueous 
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pigment ;  but  when  this  is  removed,  it  exhibits  a  high 
degree  of  ai'terial  and  venous  vascularity.  Its  external 
surface  is  comparatively  rough,  coarse,  and  flocculent, 
and  obscured  by  the  cellular  membrane  which  connects 
it  to  the  sclerotic.  The  inner  surface,  which  is  in  con- 
tact with  the  retina,  presents  a  very  different  appearance. 
It  is  soft  and  smooth,  and  when  minutely  injected  re- 
sembles the  more  delicate  mucous  membranes,  and 
exhibits  a  remarkable  degree  of  minute  villous  vascu- 
larity. The  external  surface  being  composed  of  the 
larger  branches  of  arteries,  veins,  and  nerves,  may  be 
torn  away  from  the  soft,  smooth,  and  more  closely 
interwoven  inner  layer;  or  the  inner  layer  may  be  par- 
tially dissected  up  from  it,  with  some  care,  especially  in 
the  eyes  of  the  larger  quadrupeds.  This  manoeuvre 
having  been  executed  by  Ruysch,  and  preparations  so 
formed  displayed  by  him,  the  inner  layer  has  been 
denominated  the  tunica  Kuyschiana.  But  this  is  a 
mere  anatomical  artifice.  There  is  no  natural  division 
into  two  layers,  the  soft,  smooth,  and  highly  vascular 
inner  surface  being  formed  by  the  ultimate  subdivision 
and  distribution  of  the  larger  branches  of  vessels,  which 
exhibit  themselves  separately  on  the  outside.  It  is  a 
condition  somewhat  analogous  to  that  of  the  skin,  where 
the  soft,  smooth,  villous  external  surface  presents  so 
remarkable  a  contrast  to  the  rough  internal  sm-face,  with 
its  layer  of  cellular  membrane  uniting  it  to  the  subjacent 
parts." 

The  arteries  are  the  short  %^  Sk 

ciliary  branches  of  the  oph-  ■bDO 
thalmic,  and  the  veins,  which  ^fj^flnMQ  ^ 
are  branched  like  the  boughs  WaBWy  omomMnir 
of  the  weeping  willow  (vena  QDI^ 
vorticosa),  end  in  the  oph- 
thalmic vein.     The   inner        Pigment  ceik  of  choroid. 
layer  is  a  sheet  of  beauti-  «• '""<^"'-  <>■  p'■om^^de. 
fully  regular  hexagonal  cells,  discovered  by  Wharton 
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Jones,  and  in  these  are  deposited  brown  pigment  gra- 
nules, which  contain  iron.  The  membrana  pigmenti 
has  no  colouring  matter  where  it  lies  before  the  tapetum 
lucidum  of  many  animals,  nor  in  the  albino,  and  can 
be  best  examined  in  the  white  rabbit,  which  aflPords  a 
frequent  example  of  that  condition.  The  centre  of  each 
cell  is  lighter  in  colour,  and  depressed,  corresponding  to 
the  elevations  of  the  rods  of  Jacob's  membrane. 

Between  the  anterior  edge  of  the  choroid  and  the  iris 
lies  the  ciliary  body,  which  consists  of  about  70  tri- 
angular folds,  alternately  long  and  short,  corresponding 
to  similar  plaits  on  the  vitreous  membrane.  These, 
which  are  distinguished  as  ciliary  processes,  do  not 
quite  reach  the  edge  of  the  lens,  but  a  small  triangular 
space  intervenes,  which  Petit  discovered,  and  named  the 
"  canal  godronne."  The  ciliary  ligament  unites  the 
choroid  and  iris,  as  well  as  the  cornea  and  sclerotic, 
forming  between  them  a  common  welt  of  fusion.  Sojn- 
mering  regarded  it  as  ganglionic,  as  he  could  trace  nerves 
into  it,  not  out  of  it ;  and  Fontana  found  it  permeated 
by  a  circular  canal  uniting  the  long  ciliary  arteries.  Its 
true  structure  was,  however,  stated  by  Porterfield  to  be 
muscular,  and  Sir  P.  Crampton  found  striped  fibres  in 
that  of  birds.  This  ciliary  muscle  is  accurately  de- 
scribed by  Boivman  as  arising  at  the  joining  of  the  scle- 
■  /  I.  rotic  and  cornea,  and  after  radiating  backwards,  it  is 
/uic' i^t.U>»  inserted  into  the  ciliary  body^  The  nerves  going  to  the 
A't-i^ti,  1^  iris  pierce  it  and  supply  iiE^  %e  shall  presently  discuss 
d/^.r'UrCi  its  function — namely,  the  adaptation  of  the  eye  to  near 
and  distant  objects. 

The  Iris  is  a  circular  curtain,  attached  by  its  outer 
margin  to  the  cornea,  the  posterior  elastic  lamina  being 
continued  for  a  short  distance  on  it,  to  the  ciliary  liga- 
ment, and  lastly  to  the  ciliary  processes,  which  adhere 
to  its  posterior  surface  so  as  to  leave  only  that  portion 
around  the  pupil  free.  The  back  of  the  iris  is  stained 
by  the  pigment,  and  is  termed  "  uvea ;"  whereas  the 
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anterior  surface,  from  its  varied  hues,  gives  it  its  name. 
Pigment  cells  are  mixed  in  the  tissue,  and  give  the  well- 
known  grey,  blue,  hazel,  or  dark  brown  tints.  Jacob 
describes  many  fibrous  Hues  on  the  anterior  surface 
converging  towards  the  pupil,  near  which  they  form  a 
thick  knotted  circle  ;  and  if  the  pigment  be  removed 
from  the  back,  they  resemble  the  carnese  colunmse  and 
cordse  tendinise  of  the  heart.    They  are  straight  when 


choroid  veins. 


Segment  of  the  Choroid,  Ciliary  Processes,  and  Iris. 

the  pupil  is  contracted,  zig-zag  when  it  is  dilated.  Other 
fibres  are  woven  round  the  pupil,  thickening  the  iris  at 
its  margin,  and  forming  the  "  sphincter  iridis"  of  Clo- 
quet.  The  radiating  fibres  dilate  and  the  circular  con- 
tract the  pupil  to  a  diameter  ranging  from  g-  to  io  of  an 
inch.    The  nervous  supply  of  the  radiating  muscle  is 
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from  the  sympathetic,  and  that  of  the  circular  from  the 
oculo-motor  nerve,  as  before  stated.  The  vascular  sup- 
ply is  derived  from  the  two  long  ciliary  arteries,  which 
form  2  or  8  circles  before  they  reach  the  pupillary 
edge.  That  the  anterior  ciliary  arteries  from  the  mus- 
cular branches  of  the  ophthalmic  also  supply  it,  their 
great  injection  in  iritis  proves.  So  vascular  is  the  iris, 
that  Ruysch  believed  its  movements  to  be  due  to  erec- 
tion. Fontana  and  Dr.  Paxton  are  said  to  have  had 
voluntary  power  over  the  iris. 

The  dioptric  media  or  lenses  of  the  eye  are  the  aque- 
ous humour,  the  crystalline,  and  the  vitreous  body. 

The  Aqueous  Humour  fills  the  anterior  and  posterior 
chambers,  which  communicate,  save  in  foetal  life,  through 
the  pupil.  This  aperture  is  closed  till  the  9th  month 
by  the  membrana  pupillaris,  which  some  regard  as  the 
apposition  of  two  small  sacs  which  line  the  anterior  and 
posterior  chambers ;  but  it  is  only  on  the  back  of  the 
cornea  any  epithelium  can  be  found  in  adult  life.  The 
pupillary  membrane  is,  as  it  were,  a  scaffolding  for  the 
formation  of  the  iris,  which,  owing  to  the  absence  of 
light  during  intra-uterine  life,  would  contract  up  towards 
the  ciliary  ligament.  The  anterior  chamber  is  convex 
towards  the  cornea  and  plane  towards  the  iris ;  and  the 
posterior,  which  is  much  smaller,  both  transversely  and 
antero-posteriorly,  is  bounded  behind  by  the  lens,  canal 
of  Fetit,  and  the  ciHary  body.  The  aqueous  humour  con- 
.tains  but  2  per  cent,  of  solids — chiefly  chloride  of  so- 
dium. It  constitutes  a  converging  lens,  but  in  addition  is 
thought  to  facilitate  the  motions  of  the  iris,  for  it  exists 
in  fishes,  where,  from  the  equal  density  of  the  surround- 
ing water,  it  can  have  no  refracting  power.  When  re- 
moved in  operations,  it  is  soon  re-secreted. 

The  Crystalline  is  a  bi-convex  lens  with  the  poste- 
rior curvature  the  greater.  In  the  foetus  it  is  almost 
spherical  and  touches  the  iris,  and  then  gi-adually  flat- 
tens during  the  rest  of  hfe.    Its  diameter  is  about  i  and 
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its  axis  about  |.  The  lens  is  enveloped  in  a  capsule  of 
a  hyaline  substance  like  the  elastic  layers  of  the  cornea, 
permeable  to  fluids  and  dissolving  by  prolonged  boiling. 
It  is  3  or  4  times  as  thick  in  front  as  behind,  where  the 
vitreous  body  into  which  the  lens  is  set  affords  support. 
Between  the  capsule  and  the  lens  lies  a  layar  of  nucle- 
ated cells,  which  soon  after  death  melt  down  into  what 
was  called  the  "liquor  Morgagni;"  but  Brucke  doubts 
their  existence  altogether.  The  lens  weighs  about  8 
grains,  and  contains  35  per  cent,  of  albumen  or  crystallin. 

The  histology  of  this  apparently  simple  body  is  full  of 
wonder.   If  hardened  in  spirit,  it  readily  breaks  on  the  \ 
anterior  surface  into  three  equal  triangular  portions,  | 
with  the  apices  towards  the  centre.    It  is  similarly  divi-  ! 
sible  on  the  back — the  intervals,  however,  corresponding 
to  the  middle  of  each  anterior  segment.    From  these 
lines  fibres  about  -soW  in  width  pass  in  various  planes  j 
from  one  surface  to  the  other,  becoming  shorter  and  f 
thicker  towards  the  centre.    Sir  D.  Brewster  discovered 
that  these  fibres  were  jointed  by  serrated  edges,  especially  i 
distinct  in  fishes  ;  and  KdlUker  believes  them  to  be  tubu- 
lar.   The  lens  can  thus  permit  of  osmose,  and  to  some 
such  change  the  opacity  we  term  idiopathic  cataract  ap- 
pears due,  for  that  disease  may  be  produced  in  frogs  by 
merely  placing  strong  saline  solutions  in  the  intestines, 
or  in  any  animal  by  injecting,  through  the  vessels  of  the 
lens,  saccharine  solutions.  The  concurrence  of  diabetes, 
in  which  the  blood  has  a  high  specific  gravity,  and  cata- 
ract, to  which  Richardson  has  drawn  attention,  may  have 
some  relation  to  these  facts ;  and  the  cataract  of  old  age 
and  infancy  may  respectively  depend  on  deficiency  or  ex- 
cess of  water.    The  density  of  the  lens  increases  from 
the  surface,  where  its  refractive  index  is  1-3767,  to  the 
centre,  where  it  is  1-3990.    A  large  branch  from  the 
central  artery  of  the  retina  reaches  the  back  of  the  lens 
in  the  foetus,  and  remains  pervious  in  many  large  ani- 
mals, and  a  few  vessels  from  the  ciliary  processes  also 
feed  it. 
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The  Vitreous  Body— the  last  dioptric  medium— is  a 
jelly-like  mass  filling  the  posterior  ^  of  the  globe.  It 
consists  of  a  membrane  which  sends  in  many  processes, 
forming  areola  infiltrated  with  water,  so  that  a  puncture 
does  not  evacuate  the  fluid  at  once,  but  it  slowly  drains 
out.  The  structure  of  it  is  very  similar  to  that  of  the 
jelly-like  matter  round  the  umbilical  cord.  It  has  been 
said  to  be  arranged  in  laminae ;  but  despite  most  careful 
examination,  it  seems  as  hyaline  as  the  disc  of  the  me- 
dusa. The  vitreous  membrane  is  plaited  on  its  front, 
producing  an  appearance  named  the  "  Zonula  of  Zinn.'" 
The  ciliary  processes  of  the  choroid  dovetail  with  these 
folds,  and  within  them  the  mass  is  hollowed  to  receive 
the  lens,  to  the  capsule  of  which  many  of  its  fibrous 
processes  are  attached.  The  refracting  power  of  this 
medium  is  1-339,  or  a  little  above  that  of  water. 

The  Retina  is  the  essential  part  of  the  organ  of  vision, 
as  upon  it  is  thrown  the  optical  image,  the  impression  of 
which  is  then  conducted  back  to  the  brain.  Commencing 
at  the  entrance  of  the  optic  nerve  it  spreads  forwards, 
becoming  gradually  thinner,  and  ends  by  a  wavy  border 
(ora  serrata),  a  line  and  a  half  short  of  the  ciliary  liga- 
ment. Its  hollow,  spherical  form  is  preserved  by  the 
vitreous  body,  for  it  collapses  at  once  if  this  be  removed. 
Examined  from  within  outwards,  it  consists  of  the  follow- 
ing layers  :  1.  The  vascular,  derived  from  the  central 
artery.  2.  The  fibrous,  consisting  of  the  tubules  of  the 
optic  nerve  spread  out,  having  previously  lost  the  white 
substance  of  ScJmann,  which  in  the  rabbit  is  still  re- 
tained. As  these  fibres  stream  through  the  aperture  for 
the  optic  nerve,  there  can  be  no  other  nervous  matter 
behind  them,  which  accounts  for  this  spot  berag  desti- 
tute of  vision,  as  they  do  not  constitute  the  percipient 
structure.  8.  The  vesicular  layer,  consistmg  of  vesicles 
similar  to,  but  smaller  than  those  of  the  brain.  As  the 
tubes  of  the  last  described  layer  waste  after  section  of 
the  optic  nerve,  they  are  not  derived  from  the  vesicles. 
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4.  A  thick  granular  layer  of  the  function,  of  which  we  are 
ignorant:  and  5.  The  membrana  Jacobi,  which  its  dis- 
coverer, Dr.  Jacob,  Professor  of  Physiology  in  the  Royal 
College  of  Surgeons,  first 
described  in  the  "  Philo- 
sophical Transactions," 
1819.  His  mode  of  pre- 
paring it  is  as  follows  : 

"  Having  procured  a 
human  eye,  within  forty- 
eight  hours  after  death, 
a  thread  should  be  passed 
through  the  layers^of  the 
cornea,  by  which  the  eye 
may  be  secured  under 
water,  by  attaching  it  to 
a  piece  of  wax  previously 
fastened  to  the  bottom 
of  the  vessel — the  poste- 
rior half  of  the  sclerotic 
having  been  first  re- 
moved. With  a  pair  of 
dissecting  forceps  in  each 
hand,  the  choroid  coat 
should  be  gently  torn 
open  and  turned  down. 
If  the  exposed  surface  be 
now  carefully  exammed, 
an  experienced  eye  may         "•'^ Lay^^s  of  the  Retina,  after 

perceive  that  this  is  not 

the  appearance  usually  presented  by  the  retina.  Instead 
of  the  blue-white  reticulated  surface  of  that  membrane, 
a  uniform  villous  structure,  more  or  less  tinged  by  the 
black  pigment,  presents  itself.  If  the  extremity  of  the 
ivory  handle  of  a  dissecting  knife  be  pushed  against  this 
surface,  a  breach  is  made  in  it,  and  a  membrane  of  great 
delicacy  may  be  separated  and  turned  down  in  folds  over 
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the  choroid  coat,  presenting  the  most  beautiful  specimen 
of  a  delicate  tissue  which  the  human  body  affords.  If  a 
small  opening  be  made  in  the  membrane,  and  the  blunt 
end  of  a  prolbe  introduced  beneath,  it  may  be  separated 
fhroucfhout  without  being  turned  down,  remaining  loose 

over  the  retina;  in 
which  state,  if  a  small 
particle  of  paper  or 
globule  of  air  be  in- 
troduced under  it,  it 
is  raised  so  as  to  be 
seen  against  the  light, 
and  is  thus  display- 
ed to  great  advan- 
tage; or  it  is  some- 
times so  strong  as  to 
support  small  globules 
of  quicksilver  dropped 
between  it  and  the  re- 

Jacob's  Membrane  detached.  tiua,  which  renders  itS 

membraneous  nature  still  more  evident.  If  a  few  drops 
of  acid  be  added  to  the  water  after  the  membrane  has 
been  separated,  it  becomes  opaque  and  much  firmer,  and 
may  thus  be  preserved  for  several  days,  even  without 
being  immersed  in  spirit." 

Dalrymjjle  next  described  it  as  a  serous  sac,  lining 
the  choroid  and  retina.  It  is  composed  of  rods  which 
readily  separate  from  each  other,  and  the  outer  end  of 
each  is  curved  into  a  crook ;  from  this  appearance  it 
has  been  called  the  bacillar  layer.  Some  of  the  rods 
take  a  radiating  direction. 

In  the  centre  of  the  retina  is  the  *'  punctum  aureum," 
or  yellow  spot,  which  Sdmmering  discovered,  in  1791, 
in  a  young  man  drowned  in  the  Rhine  a  few  hours 
before.  The  vessels  and  nerve-tubes  of  the  retina  do 
not  pass  over  it,  but  curve  about  it.  The  spot  has  de- 
cidedly a  small  aperture  in  its  centre,  for  through  it  the 
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interior  of  the  eye  can  be  seen.  A  yellow  pigment, 
which  water  will  dissolve  out,  gives  a  golden  halo  round 
it,  so  that  its  diameter  exceeds  half  a  line,  Jacob's 
layer  is  continued  across  it  and  the  colour  is  much 
brighter  when  it  is  removed.  It  has  been  only  found 
in  man,  quadrumana,  and  a  few  reptiles  ;  so  that  Sir 
E.  Home's  theory — that  through  it  the  absorbents  en- 
tered— seems  improbable.  In  an  erudite  paper  in  the 
"  Atlantis,"  July,  1858,  Prof.  Hayden,  of  the  Catholic 
University,  thus  expresses  his  opinion  upon  its  function  : 

"I  have  been  led  to  the  conclusion  that  unity  of 
visual  perception  with  two  eyes  is  inseparably  associated 
with  the  yellow  spot  of  Sommering,  and  may  invariably 
be  inferred  from  its  presence,  and  that  this  property  is 
limited  to  a  circle,  having  as  its  centre  the  foramen  cen- 
trale,  and  a  radius  of  about  '04  inch.  This  circle  I 
propose  to  designate  as  the  *  region  of  visual  unity,' 
within  which  the  rays  of  Hght  proceeding  from  an  object 
must  fall,  in  order  to  produce  a  single  perception  from 
a  binocular  impression.  Outside  this  circle,  and  con- 
centric with  it,  is  another,  having  a  radius  of  0-533 
inch  :  the  latter  I  would  name  the  '  region  of  visual 
duality,'  because  I  believe  that  the  image  of  an  object 
depicted  within  it,  and  outside  the  region  of  unity  in 
both  eyes  simultaneously,  produces  a  double  perception 
in  the  sensorium.  That  portion  of  the  retina  extending 
from  the  region  of  duahty  to  the  ora  serrata,  is  probably 
insensible  to  luminous  impressions,  and  serves  some 
other  purpose  in  the  economy  of  the  eye,  with  which  we 
are  still  unacquainted." 

The  Optic  Nerve  arises  by  the  optic  tracts  from  the 
quadrigeminal  bodies  and  thalami.  The  tracts  wind 
round  the  crus  cerebri,  being  flattened  against  it  by  the 
middle  lobe,  and,  on  the  olivary  process,  form  with  its 
fellow  the  optic  commissure.  In  this  body,  besides  a 
few.  vesicles  which  give  it  a  glanglionic  character,  there 
are  4  kind  of  tubules:  1.  Those  which  pass  from  one 
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tract,  along  the  outer  side  of  the  corresponding  nerve,  to 
the  eye  of  the  same  side.  2,  Those  which  cross  from 
one  tract  through  the  commissure  to  the  opposite  nerve, 
and  are  by  far  the  most  numerous.  3.  Those  which 
run  from  one  tract  back  to  the  other,  being  thus  inter- 
cerebral,  and  present  in  such  animals  as  the  mole,  in 
which  the  optic  nerves  are  wanting.  4.  Those  which 
are  inter-retinal,  by  passing  from  one  nerve  to  the  other, 
and  which  were  first  described  by  that  able  physiologist 
and  great  physician  whose  loss  we  have  recently  had 
to  deplore.  Dr.  Mayne,  in  Todd's  "  Cyclopaedia."  In 
the  cod,  all  the  fibres  of  one  tract  pass  to  the  opposite 
nerve.  Wollaston,  in  order  to  account  for  single  vision 
with  2  eyes,  stated  that  all  the  fibres  of  one  optic 
nerve — say,  the  right — go  to  the  right  side  of  both  the 
right  and  left  eyes.  As  the  optic  nerve  enters  the  optic 
foramen,  the  dura  mater  sends  a  strong  sheath  about  it, 
which  joins  the  sclerotic  and  dips  down  through  the 
fibres,  producing  the  appearance,  at  the  entrance  into 
the  eye,  of  a  "  lamina  cribrosa."  The  nerve  suddenly 
diminishes  before  it  passes  through,  owing  to  the  white 
substance  of  Schwann  ceasing,  and  ends  by  a  small  pa- 
pilla, which  is  marked  by  the  porous  opticus,  a  spot 
produced  by  the  central  artery.  The  optic  nerve  enters 
about  1^  lines  to  the  inner  side  of  the  central  axis,  as  it 
follows  the  direction  of  the  orbit,  whereas  the  eyes  are 
parallel  in  man.  Dr.  Power,  when  lecturer  on  Anatomy 
in  the  Richmond  Hospital  School,  discovered  in  the 
loligo  and  other  animals,  that  the  fibres  of  the  optic 
nerve  decussate  behind  the  sclerotic,  and  he  thinks  this 
anatomical  arrangement  may  explain  erect  vision,  and 
"  that  the  correct  impressions  made  upon  the  sensorium 
is  the  result  of  the  rays  of  light  impinging  on  the  termi- 
nations of  the  nervous  fibres  in  the  retina,  which,  cross- 
ing each  other  in  their  course  backward,  run  to  be  at- 
tached to  opposite  points  of  the  sensorium."  The 
arrangement,  however,  cannot  be  discovered  in  many 
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animals,  and  to  render  the  explanation  satisfactory,  the 
fibres  should  be  shown  to  decussate  in  every  direction. 
His  valuable  memoir  may  be  found  in  the  Dublin 
Journal  of  Medical  Science,"  1843, 
and  one  of  the  figures  from  it  is  here 
reproduced. 

Light. — The  properties  of  light 
will  be  briefly  discussed  before  con- 
sidering the  mechanism  of  that  most 
admirable  of  optical  apparatuses,  the 
human  eye.  Sir  I.  Newton  believed 
light  to  be  an  emission  of  particles 
from  a  luminous  body  ;  whereas, 
strangely  enough,   he  applied  the 

second  theory,  which    is    now  more  Decussation  of  the  Fibret 

generally  accepted,  to  another  im-     of  the  Optic  Nerve. 
ponderable — sound.    Boyle  also  suggested  a  molecular 
theory.    Huygens  first  suggested  that  light  consisted  in 
a  succession  of  waves  from  the  luminous  object,  and 
this  theory  has  obtained  powerful  support  from  the  great 
work  of  the  Rev.  Dr.  Lloyd,  Vice-Provost  of  Trinity  Col- 
lege, Dublin.    Light  travels  with  such  rapidity  that  it 
is  supposed  to  pass  from  the  sun  to  the  earth,  a  distance 
of  95,000,000  miles,  in  8  min.  18  sec,  or  at  the  rate  of 
191,515  miles  per  second.    Light  is  not  homogeneous, 
but  if  passed  through  a  prism  is  decomposed,  owing  to 
their  unequal  refrangibility,  into  7  primitive  colours — 
namely,  violet,  109;  indigo,  47  ;  blue,  48;  green,  46; 
yellow,  27  ;  orange,  27;  red,  56.    The  numbers  after 
each  indicate  their  proportion,  if  the  spectrum  be  sup- 
posed to  measure  360.    According  to  Sir  David  Brew- 
ster, it  is  composed  of  3  primary  colours — blue,  yellow, 
and  red.    If  these  colours  of  the  spectrum  be  passed 
through  another  prism,  they  are  re- composed  into  white 
light. 

A  ray  of  light  falling  on  a  polished  surface  is  reflected 
or  thrown  back  at  an  angle,  which  is  equal  to  that  of 
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incidence.  If  it  falls  on  a  transparent  medium,  it  is  re- 
fracted or  bent  towards  the  perpendicular  if  the  medium 
be  denser  than  that  it  passed  through  before — from  the 
perpendicular,  if  it  be  rarer.  If  the  ray  falls  at  right 
angles,  no  refraction  occurs.  The  degree  of  refraction 
varies  with  the  density  of  the  medium,  and  also  with 
obliquity  with  which  the  ray  falls  ;  if,  therefore,  a  pencil 
of  ray  falls  on  a  convex  lens,  the  central  ray  will  pass 
through  unaffected,  and  those  farthest  from  the  centre 
will  be  most  refracted,  as  they  fall  with  greatest  obli- 
quity upon  the  lens.  When  the  rays  emerge  from  a  bi- 
convex lens  into  a  rarer  medium  they  will  converge 
towards  the  central  ray ;  and  at  this  point,  termed  the 
focus,  an  image  of  the  object  from  which  the  rays  were 
originally  given  off  will  be  formed.  Six  kinds  of  lenses 
are  described,  the  first  3  of  those  below  named  being 
convergent  or  collective — the  last  3  being  divergent  or 
dispersive.  They  are  as  follows  :  bi-convex,  plano-con- 
vex, meniscus;  bi-concave,  plano-concave,  concavo-con- 
vex. The  central  line  passing  through  them  is  termed 
the  axis.  The  application  of  these  laws  of  light  to  the 
eye  is  clearly  stated  by  Todd  and  Boumian  : 

"  If  a  luminous  object,  as  the  flame  of  a  candle,  be 
placed  eight  or  ten  inches  in  front  of  the  organ,  some 
rays  .fall  on  the  sclerotic,  and  are  reflected ;  the  more 
central  ones  fall  on  the  cornea ;  some  are  reflected,  and 
others  pass  through  it,  are  slightly  converged  by  it,  and 
enter  the  aqueous  humour,  which  being  probably  of  the 
same  refracting  power,  does  not  alter  their  course. 
Passing  onwards,  some  meet  the  iiis  and  are  absorbed 
or  reflected  by  it,  whilst  others  advance  through  the 
pupil.  Thus,  rays  falling  on  a  large  extent  of  the  cor- 
nea, are  converged  so  as  to  fall  on  the  lens.  By  the 
convexity  of  the  surface  of  the  lens,  as  well  as  by  the 
greater  density  of  that  body  towards  its  centre,  this  con- 
vergence is  much  increased.  Lastly,  by  their  passage 
into  the  rarer  medium  of  the  vitreous  humour,  the  rays 
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are  further  converged  by  the  refraction  of  each  ray  from 
the  i3erpendicular  to  the  point  of  incidence,  and  the  seve- 
ral pencils  which  they  form  are  brought  to  as  many  foci 
in  the  retina.  And  still  further,  the  rays  from  the  oppo- 
site pomts  of  the  luminous  object,  by  reason  of  the  change 


The  Course  of  the  Rays  through  the  Eye. 

The  rays  from  the  object  A  B  are  refracted  by  the  cornea  C  C,  the  aqueous  hu- 
mour, and  still  more  by  the  tens  E  E  and  the  vitreous  humour  behind  it. 
They  are  thus  collected  to  points  at  a  and  b,  and  the  reti^ia.  F  being  here 
situated,  perfect  pictures  of  these  points,  though  reversed,  are  seen.  If  the 
retina  be,  however,  infrmt  (  H),  or  behind  (  G)  these  points  of  convergence, 
luminous  circles  instead  of  points  will  be  seen  at  c  andf,  or  e  and  o,  and 
no  defined  image  will  be  produced. 

of  direction  which  they  undergo  through  these  succes- 
sive refractions,  cross  one  another  (the  angle  of  crossing 
being  called  the  "  visual  angle"),  and  thus  the  image  of 
the  flame  on  the  retina  appears  inverted."  A  careful  study 
of  the  foregoing  figure  from  Miiller  will  make  these  prin- 
ciples intelligible. 

The  Adaptation' to  vision  at  varions  distances  is  one 
of  the  most  remarkable  properties  the  eye  possesses.  It 
has  been  supposed  to  be  due  to  the  recti  muscles  com- 
pressing the  eye-ball,  and  making  the  cornea  more  con- 
vex when  looking  at  near  objects,  or  to  the  lens  being 
moved  forwards  by  the  contraction  of  the  iris  or  ciliary 
processes.    The  adjustment,  is,  however,  accomplished 
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by  the  ciliary  muscle  moving  forwards  the  lens,  which 
afterwards  falls  backwards  by  the  elasticity  of  its  "  sus- 
pensory ligament,"  or  the  anterior  wall  of  the  canal  of 
Petit.  The  eye  is  therefore  in  a  state  of  repose  when 
viewing  distant  objects,  but  a  muscular  effort  is  required 
to  look  at  a  near  one.  This  power  is  impaired  by  the 
action  of  belladonna  or  disease  affecting  the  oculo-motor 
nerve,  and  is  lost  when  the  lens  is  extracted — to  which 
statement,  however,  I  have  known  of  an  exception. 

Myopia,  or  near-sightedness,  depends  on  too  great  re- 
fracting power,  so  that  the  image  is  formed  in  front  of 
the  retina ;  it  occurs  mostly  in  youth,  but  does  not  dis- 
appear as  age  advances,  as  commonly  supposed.  Con- 
cave glasses  cause  the  image  to  be  thrown  farther  back, 
but  they  tend  to  increase  the  defect. 

Presbyopia,  or  far-sightedness,  the  opposite  defect,  in 
which  near  objects  a're  not  perceived,  depends  on  too 
great  flatness  of  the  cornea  or  lens,  a  result  of  old  age. 
Convex  glasses  remedy  it  by  increasing  the  convergence 
of  the  rays  ;  but  if  not  carefully  adjusted  they  may  pro- 
duce the  opposite  defect,  and  as  the  two  eyes  often  differ 
in  their  refracting  power,  it  is  often  impossible  to  make 
a  pair  of  spectacles  suit  exactly.  The  diagram  on  page 
375  will  enable  the  student  to  comprehend  the  physics 
of  long  and  short-sightedness. 

Spherical  Aberration,  which  should  result  from  the 
fact  before  stated,  that  rays  falling  on  a  convex  lens  naust 
be  unequally  refracted,  is  remedied  by  the  iris,  which, 
like  the  diaphragm  of  a  telescope,  shuts  out  the  circum- 
ferential rays,  and  the  density  and  refracting  power  of 
the  lens  increasing  towards  the  centre.  The  iris  also  is 
of  use  in  shading  the  retina  from  too  strong  light,  and  it 
acts  in  reflex  obedience  to  that  sensitive  surface.  In 
amaurosis,  when  the  retina  is  insensible,  the  pupil 
dilates. 

I  Chromatic  Aberration  is  a  fault  due  to  the  partial 
/  decomposition  of  the  light  while  passing  through  a  con- 
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vex  lens,  but  it  is  obviated  in  the  eye  and  optical  in- 
struments modelled  after  it,  by  the  varying  densities  of 
the  media  through  which  a  ray  necessarily  passes.    Sir  ' 
D.  Breu-ster  believes  this  colouring  does  occur  in  the  eye, 
aud  it  certainly  does  when  fatigue,  belladonna,  or  pres- 
sure on  the  eye-ball  deranges  its  exquisite  mechanism. 
Some  of  the  rays  of  light  which  impinge  on  the  retina 
become  reflected  therefrom,  as  the  lustre  at  the  back  of 
the  eye  in  some  people  shows  ;  but  in  many  animals  this 
occurs  to  a  great  extent,  as  there  is  the  mirror-like  tape- 
tum  lucidum  outside  the  retina.    The  images  formed  in 
Purldnje's  catoptric  test  for  cataract  are  due  to  reflexion. 
That  valuable  method  of  ascertaining  the  presence  of  ca- 
taract or  glaucoma  is  performed  as  follows :  the  pupil 
having  been  dilated  by  belladonna,  the  patient  is  placed 
in  a  dark  room  ;  a  candle  with  a  steady  flame  is  held  be- 
fore the  eye,  and  if  it  be  healthy,  3  images  of  the  candle 
are  seen — the  first  erect  on  the  cornea,  the  second  re- 
/versedfon  the  front  of  the  lens,  and  the  third  erect  be-  t?^ 
Emd  it.  When  the  candle  is  moved  the  erect  images  move 
in  the  same  direction,  the  inverted  one  in  the  opposite 
direction.    Cataract  removes  the  middle  or  inverted  one, 
and  renders  dim  the  deep  one  ;  while -glaucoma  renders 
more  evident  the  deepest  image.    If  the  sclerotic  and 
choroid  be  removed  from  the  back  of  the  eye,  an  image 
of  any  object  placed  before  it  is  thrown  on  the  retina,  as 
on  the  screen  of  a  camera  obscura;  but  this  probably 
does  not  occur  in  the  living  eye,  as  then  the  retina  is  as 
clear  as  glass. 

As  regards  the  real  percipient  of  the  optical  image,  the 
opinion  that  Jacob's  layer  has  this  function  is  gradually 
gaining  ground.  It  has  been  urged  by  Bonders,  who  has 
convinced  himself  that  the  yellow  spot  is  also  percep- 
tive. Pro/.  Draper  thus  expresses  himself:  "Consider- 
ing, therefore,  the  retina  as  typically  composed  of  three 
layers — one  of  tubules,  one  of  vesicles,  and  one  of  gra- 
nules, and  these  in  health  being  perfectly  transparent, 
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the  luminous  beams  pass  through  them,  just  as  they  do 
through  the  atmosphere,  without  exerting  the  sHghtest 
effect ;  and  as,  when  those  rays  strike  the  opaque  sur- 
face of  the  earth,  or  are  absorbed  by  the  sea,  heat  is  dis- 
engaged and  effects  ensue,  so  likewise  when  they  have 
reached  the  black  pigment,  the  changes  I  have  been  de- 
signating arise.  The  vesicular  layer  undergoes  rapid 
metamorphosis,  the  effect  of  that  change  is  transmitted 
by  the  tubular  layer,  and  in  the  granular  the  germs  are 
constantly  arising  from  which  the  waste  of  the  middle 
layer  is  repaired.  So,  therefore,  the  tubular  layer  is  for 
conduction,  the  vesicular  layer  for  waste,  the  granular 
layer  for  repair ;  and  now  appears  the  significance  of  the 
construction  and  proximity  of  the  choroid  coat,  for  the 
waste  of  the  vesicular  layer  cannot  occur  save  under  the 
oxidizing  influence  of  the  arterial  blood,  nor  can  the  nu- 
trition of  the  granular  layer  be  accomplished,  except 
under  the  same  condition.  Moreover,  the  resulting  pro- 
ducts of  waste  require  to  be  quickly  removed,  and  it  is 
not  possible  to  conceive  the  constraction  of  an  arrange- 
ment better  adapted  for  this  triple  object  than  that  which 
the  choroid  presents."  The  retina  of  the  cuttle-fish 
consists  of  two  layers,  with  the  pigment  interposed. 

Tbat  images  endure  for  some  time  is  shown  by  a 
lighted  stick,  if  rapidly  whisked  round,  appearing  as  a 
luminous  circle,  and  by  the  closure  of  the  lids,  in  the 
rapid  movement  of  vision,  not  interfering  with  conti- 
nuous vision.  The  image  remains  on  the  retina  about  ^ 
of  a  second,  more  or  less  according  to  the  time  it  has 
been  previously  applied  and  to  its  intensity.  Ocular 
spectra,  or  after- sights,  are  due  to  the  image  still  per- 
sisting after  the  object  has  been  withdrawn  from  the 
field  of  vision — or  may  be  due  to  centric  causes,  which, 
as  is  the  case  with  other  special  senses,  will  give  rise  to 
subjective  sensations.  Spectra  are  usually  of  the  com- 
plementary colom'S — thus,  green,  if  the  image  was  red  ; 
yellow,  if  violet ;  orange,  if  blue.    The  accompanying 
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figure,  from  Midler,  shows  the  simple  and  compound 
colours,  and  those  which  are  complementary  of  each 
other  :  "  The  three  simple  colours,  red,  yellow,  and  blue, 
are  placed  at  the  angles  of  an  equilateral  triangle,  which 
are  connected  together 
by  means  of  a  circle ;  the 
mixed  colours  —  green, 
orange,  and  violet — are 
placed  intermediate  be- 
tween the  corresponding 
simple  or  homogeneous 
colours;  and  the  com- 
plementary colours — of 
•which    the  pigments, 
when  mixed,  would  con- 
stitute a  grey,  and  of  which  the  prismatic  spectra  would 
together  produce  a  white  light — will  be  found  to  be  placed 
in  each  case  opposite  to  each  other,  but  connected  by  a 
line  passing  through  the  centre  of  the  circle.    The  figure 
is  also  useful  in  showing  the  further  shades  of  colour 
which  are  complementary  of  each  other.    If  the  circle 
be  supposed  to  contain  every  transition  of  colour  between 
the  six  marked  down,  those  which,  when  united,  yield  a 
white  or  gi-ey  colour,  will  always  be  found  directly  oppo- 
site to  each  other ;  thus,  for  example,  the  intermediate 
tint  betwen  orange  and  red  is  complementary  of  the 
middle  tint  between  green  and  blue." 

The  blindness  of  the  entrance  of  the  optic  nerve  (punc- 
tum  coecum)  is  proved  by  Mariotte's  famous  experiment, 
which  may  be  performed  as  follows  :  place  both  thumbs 
together  at  arm's  length,  shut  the  left  eye,  and  with  the 
right  look  fixedly  at  the  left  thumb  ;  if  the  right  be 
now  moved  slowly  outwards,  its  image  will  not  be  per- 
ceived as  it  passes  over  the  entrance  of  the  optic  nerve, 
but  will  afterwards  re-appear.  It  has  been  said  that  if 
this  insensible  point  existed,  there  would  be  a  dark  spot 
in  the  field  of  vision  whenever  we  used  but  one  eye  ;  but 
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as  we  require  nerves  to  tell  us  of  cold,  or  the  absence 
of  heat,  to  be  aware  of  the  darkness,  or  absence  of  light, 
we  would  require  nervous  matter,  which  is  here  deficient. 
As  the  optic  nerves  do  not  enter  the  centres  of  man's 
parallel  eyes,  the  blind  spots  never  correspond. 

By  the  action  of  the  lenses,  the  picture  is  reversed  on 
the  optical  screen,  but  the  mind  nevertheless  perceives 
the  object  in  its  natural  erect  position.  Miiller  obscurely 
says  that  there  is  no  need  of  correction,  as,  if  all  objects 
do  really  appear  inverted,  their  relative  position  is  un- 
altered. If,  besides  the  vertical  decussation — which,  as 
we  have  before  noticed.  Prof.  Power  discovered  in  a  few 
animals — there  was  an  interchange  of  the  fibres  of  the 
optic  nerve  in  every  other  direction,  it  would  afford  a  sa- 
tisfactory explanation  ;  and  if  the  rays  penetrate  through 
the  retina  to  the  choroid,  as  Kdlliker,  Draper,  and  others 
believe,  it  may  also  explain  the  phenomenon. 

Colour-blindness,  or  the  inability  to  distinguish  certain 
colours  was  first  observed  by  Dalton,  the  great  chemist, 
in  his  own  person  (hence  the  name  Daltonism,  often 
applied  to  this  defect),  and  many  cases  have  been  since 
recorded  where  ludicrous  mistakes  occurred  from  the 
way  in  which  tailors  who  suffered  from  it  arranged  the 
cloths  they  were  fabricating. 

From  what  has  been  stated,  it  will  be  remembered  that 
for  perfect  vision  the  image  must  be  perfectly  distinct, 
must  be  sufficiently  illuminated,  and  of  sufficient  magni- 
tude and  duration  on  the  retina. 

HEARING. 

The  organ  of  hearing  in  man  consists  of  the  external 
ear  or  pinna  and  meatus,  the  middle  ear  or  tympanum, 
and  the  internal  ear  or  labyrinth. 

The  Pinna  is  composed  of  a  folded  sheet  of  fibro-car- 
tilage,  covered  with  thin  skin  and  a  few  muscular  fibres, 
often  named  after  the  following  prominences — the  helix 
or  outer  rim,  the  antihelix,  which  the  semilunar  fossa 
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di^^des  from  the  first  named,  the  tragus,  and  antitragus. 
The  lobe  is  composed  of  areolar  tissue  alone.  The  attra- 
hens,  attoUens,  and  retrahens  muscles,  and  a  few  liga- 
mentous bands,  bind  the  external  ear  to  the  skull.  The 
meatus  begins  by  the  hollow,  named  concha,  and  leads 
forwards  and  inwards,  with  a  slight  concavity  downwards 
for  about  an  inch,  the  lower  wall  being  longer,  as  the 
membrana  tympani  is  set  at  an  angle  of  45 towards  it. 
About  half  the  canal  is  made  by  cartilage,  which  being 
deficient  above  and  behind  (the  fissures  of  Sanctorim), 
may  allow  of  some  alterations  in  calibre.  The  entrance 
of  insects  or  dust  is  prevented  by  vibrissse,  and  by  a 
sticky  secretion,  the  ear-wax,  which,  if  allowed  to  harden, 
is  a  frequent  cause  of  deafness.  The  external  ear  col- 
lects and  conducts  sounds  to  the  membrana  tympani,  and 
its  remarkably  moulded  surface  fits  it  to  catch  vibrations 
in  whatever  direction  they  proceed. 

Many  animals  exceed  man  in  the  development  of  the 
pinna  ;  and,  as  is  well  known,  ear-trumpets,  or  the  hand 
placed  behind  the  ear,  will  aid  its  office. 

The  Middle  Ear,  or  tympanum,  is  a  bony  cavity 
hollowed  in  the  petrous  portion  of  temporal  bone,  lined 
by  ciliated  epithelium,  and  filled  with  air,  which  the 
Eustachian  tube  carries  up  from  the  pharynx.  Its  outer 
wall  presents  the  large  opening  in  which  the  membrana 
tympani  is  set. 

This  membrane  is  oval,  being  rather  larger  above, 
and  consists  of  an  outer  cuticular  layer,  an  inner  non- 
ciliated  epithelial  layer,  and  a  middle  proper  layer,  com- 
posed of  strong  fibrous  tissue,  set  into  a  groove  in  the 
bone.  ^  Toynbee  describes  two  such  layers,  the  outer 
radiating,  the  inner  annular ;  and  Sir  E.  Home  described 
the  radiating  fibres  as  muscular.  The  late  Professor 
Harrison  dissected  that  of  the  elephant,  and  could  not 
demonstrate  its  muscularity.  He  noticed  that  in  this 
animal  there  was  a  perforation,  which  Rivim(s  regarded 
as  essential.    The  handle  of  the  malleus  is  attached  to 


382 


THE  MIDDLE  EAR. 


the  upper  half  of  the  membrane,  and,  aided  by  the 
denser  external  air,  it  renders  it  concave  outwards  ;  but 
in  birds  it  is  convex.  Examined  during  life  with  the 
speculum,  Sir  W.  Wilde  compares  the  membrane  to  the 
tint  of  wet  parchment,  but  rather  more  pink.    Its  func- 
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tion  in  hearing  may  be  shown  by  the  following  experi- 
ment of  Savart,  He  sprinkled  fine  sand  over  it,  and 
held  a  vibrating  body  near  it  ;  it  at  once  vibrated 
powerfully,  and  the  sand  assumed  remarkable  figures, 
remaining  at  what  are  called  "  nodal  lines"  iivhere  least 
vibration  occurred. 

The  opposite  or  inner  wall  of  the  tympanum  has  two 
openings,  the  fenestra  ovalis  leading  into  the  vestibule, 
and  the  fenestra  rotunda  into  the  cochlea.  They  are 
closed  also  by  membranes,  and  the  oval  one,  which  is 
superior  and  more  than  twice  as  large  as  the  round  one. 
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is  closed  by  tlie  base  of  the  stapes.  The  promontory, 
caused  by  the  first  turn  of  the  cochlea,  lies  between 
these  openings,  and  behind  them  is  the  pyramid,  a 
hollow  funnel  of  bone,  containing  the  stapedius  muscle, 
which,  issuing  from  the  apex,  is  inserted  into  the  neck 
of  the  stapes.  Through  a  hole  at  the  base  of  the  pyra- 
mid the  corda  tympani  nerve  enters  the  cavity,  and 
passing  between  the  malleus  and  incus  escapes  by  a  slit 
in  the  Glasserian  fissure,  The  aqueduct  oi  Fallopim, 
which  caiTies  the  facial  nerve,  slightly  raises  the  bone 
above  the  pyramid  ;  and  lastly,  there  are  several  open- 
ings into  the  mastoid  cells  which  are  filled  with  air. 

The  anterior  part  of  the  cavity  has  4  openings:  1. 
A  canal  in  which  the  tensor  tympani  muscle  arises,  and 
passes  to  be  inserted  into  the  short  process  of  the  mal- 
leus. 2.  A  foramen  at  the  Glasserian  fissure,  transmit- 
ting a  ligament  misnamed  the  laxator  tympani,  which 
is  attached  to  the  processus  gracilis  of  the  malleus.  3. 
The  foramen  for  the  exit  of  the  corda  tympani ;  and  4. 
The  Eustachian  tube,  which  leads  upwards,  backwards, 
and  outwardg  from  the  pharynx  just  behind  the  inferior 
spongy  bone,  where  its  orifice  is  large  enough  to  admit 
the  point  of  the  little  finger,  or  the  Eustachian  sound. 
It  is  about  1|-  inches  long,  the  lower  f  being  fibro-carti- 
laginous,  and  the  remainder  a  small  canal,  in  the  angle 
between  the  petrous  and  squamous  portions  of  temporal 
bone,  parallel  to  the  canal  for  the  tensor  tympani,  and 
only  divided  from  it  by  a  thin  plate,  the  processus  coch- 
leariformis.  This  tube  is  of  use  in  conducting  air  to 
support  the  membrana  tympani,  in  discharging  mucus, 
and  in  carrying  up,  it  was  said,  the  individual's  own 
voice  ;  but  a  watch,  if  placed  in  the  pharynx  without 
touching  any  solid,  is  scarcely  heard  to  tick. 

The  carotid  artery  and  lateral  sinus  lie  close  to  the 
tympanum,  so  that  they  are  endangered  in  fractures 
traversing  it,  and  in  the  ulceration  which  often  follows 
scarlatina.    The  late  Professor  Porter  saw  more  blood 
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flow  in  such  a  case  than  he  ever  saw  lost  in  a  surgical 
operation. 

The  Ossicula  Anditus  are  from  without  inwards,  the 
malleus,  incus,  and  stapes.  The  malleus  or  hammer 
consists  of  a  head,  neck,  and  handle,  which  is  attached 
to  the  membrana  tympani.  Its  short  and  long  pro- 
cesses give  attachment  respectively  to  the  tensor  and 
laxator  tympani.  It  articulates  by  its  head  and  neck 
with  the  next  bone.  The  incus  or  anvil  more  resembles- 
a  molar  tooth  ;  it  consists  of  a  body  joined  to  the  mal- 
leus, a  short  process  running  to  the  mastoid  cells,  and 
a  long  one  articulated  to  the  head  of  the  stapes.  The 
end  of  this  process  is  often  an  epiphysis,  and  being  de- 
tached, is  named  the  "  os  orbiculare."  The  stapes  is  a 
beautiful  little  object,  precisely  like  a  stirrup,  and  con- 
sists of  a  head  joined  to  the  incus,  a  neck  into  which 
the  stapedius  is  inserted,  two  branches  running  to  the 
base,  which  is  set  into  the  fenestra  ovalis  by  a  mem- 
brane. This  bone  is  the  most  important,  being  ossified 
and  nearly  of  its  full  size  before  birth  ;  and  if  it  be  lost, 
the  fluids  of  the  vestibule  flow  out  and  complete  deaf- 
ness ensues.  The  irregular  course  and  free  joints  of 
these  three  bones  allow  free  motion,  which  is  always 
towards  the  internal  ear,  both  the  muscles  producing 
tension  of  the  membrana  tympani.  For  this  reason 
they  have  been  compared  to  the  iris  in  function.  Even 
when  the  muscles  are  absent,  as  in  the  frog,  the  bones 
are  separate  ;  but  in  birds  but  one  bone  exists,  the 
columella. 

The  air  in  the  tympanic  cavity  insulates  or  prevents 
the  dispersion  of  sound  fi'om  a  better  conductor,  and 
keeps  a  due  elastic  pressure  on  the  membranes,  which 
cannot  vary  as  the  temperature  is  always  the  same ; 
echoes  are  said  to  be  obviated  by  its  free  exit  through 
the  Eustachian  tube.  In  descending  in  a  diving-bell,  or 
by  making  a  very  full  exspiratory  efibrt  with  the  nose 
and  mouth  closed,  the  pressure  from  within  is  increased, 
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and  hearing  is  rendered  very  indistinct,  distant  low 
sounds  not  being  perceived,  though  near,  and  shrill 
ones  are. 

The  internal  ear  is  named,  from  its  intricacy,  the  laby- 
rinth, and  consists  of  three  parts — the  vestibule,  semi- 
circular canals,  and  cochlea. 

The  Vestibule  is  a  cavity  intermediate  between  the 
tympanum  and  the  canals  and  cochlea.  Its  openings 
are,  the  fenestra  ovalis,  one  for  the  cochlea,  five  for  the 
semicircular  canals,  the  aqueduct — a  small  venous  pas- 
sage lined  by  dm'a  mater,  and  several  minute  perfo- 
rations (the  macula  cribrosa),  through  which  the  audi- 
tory nerve  enters  from  the  internal  meatus. 

The  Semicircular  Canals  each  form  more  than  half  a 
circle,  and  are  a  little  flattened  laterally,  and  about 
in  width.    They  open  into  the  vestibule  by  each  end  ; 


The  Labyrinth—  Vestibule,  Semicircular  Canals,  and  Cochlea— the  bony  and 
membraneous  portions  of  the  first  and  second  being  displayed. 

but  two  of  them,  the  superior  and  inferior,  previously 
t  joining,  only  5  openings  exist.    One  end,  more  dilated 
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than  the  other,  is  named  the  ampulla.  The  superior 
canal  is  anterior  to  the  others,  and  rises  so  high  as  to 
raise  the  upper  surface  of  the  petrous  portion,  or  to 
project  free  from  it  in  the  foetus.  The  inferior  canal  is 
behind  and  at  right  angels  to  the  last,  and  the  horizontal 
leads  backwards  and  outwards,  and  is  the  shortest. 

The  two  parts  of  the  osseous  labyrinth  we  have  now 
described  are  lined  by  the  membraneous  labyrinth.  This 
is  much  smaller — but  ^  in  the  canals,  as  a  fluid,  the 
perilymph  or  liquor  Cotunnii,  intervenes,  save  where 
the  nerves  enter.  Another  fluid,  the  endolymph,  dis- 
covered by  Scarpa,  fills  the  membraneous  labyrinth,  and 
being  nearly  incompressible,  carries  impressions  fi-om 
the  fenestrse.  Deafness  follows  its  escapes  by  puncture. 
Three  coats  constitute  the  membrane — an  outer,  soft 
and  stained  by  pigment  cells,  almost  identical  with  those 
of  the  choroid ;  a  middle,  tough  and  transparent- like 
fibro- cartilage  ;  and  an  inner,  consisting  of  nucleated  epi- 
thelium. The  acoustic  artery  forms  a  plexus,  very  Uke 
that  of  the  retina,  on  the  outer  surface.  Particles  of 
carbonate  of  lime  are  always  found  in  the  endolymph, 
consolidated  into  earstones  or  otoliths  in  fishes,  and  an 
eaivdust  or  otoconia  in  other  animals.  In  man  the  par- 
ticles are  not  loose  in  the  fluid,  but  bound  in  masses  by 
some  delicate  tissue. 

The  Cochlea,  so  named  from  its  likeness  to  a  shell, 
is  an  astonishing  complex  apparatus.  It  is  conical,  with 
its  base  towards  the  internal  meatus,  from  which  it  pro- 
ceeds forwards  and  outwards,  almost  horizontally.  An 
axis,  or  modiolus,  runs  up  the  centre  from  base  to  apex, 
and  round  this  is  wound,  for  2^  turns,  the  spiral  canal, 
about  1\  inches  in  length,  and  vs  in  width.  There  are 
3  openings  at  the  beginning  of  the  canal — one  into  the 
vestibule ;  another,  closed  by  membrane,  into  the  tym- 
panum— the  fenestra  rotunda ;  and  the  aqueduct,  which 
carries  a  vein  to  the  jugular  fossa.  The  canal  is  divided 
by  the  spiral  lamina  into  two  passages — a  superior,  the 
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scala  vestibuli,  communicating  with  the  vestibule ;  and 
the  scala  tympani,  which  begins  at  the  fenestra  rotunda. 
The  spiral  lamina  consists  of  bone  towards  the  modio- 
lus, then  of  a  membrane  like  the  capsule  of  the  lens  ;  a 
large  capillary  runs  along  its  under  surface ;  and,  lastly, 
of  a  structure  which  Kdlliker  describes  as  the  spiral  liga- 
ment, but  which  Bowman  named  the  cochlearis  muscle. 
In  tissue  it  is  very  similar  to  the  ciliary  muscle,  and  as 
it  can  make  tense  the  spiral  lamina,  its  function  may  be 
analogous.  On  the  upper  surface  of  the  bony  part  of 
the  lamina.  Bowman  discovered  a  beautiful  structure, 
which,  from  having  a  toothed  edge,  he  calls  the  denti- 
culate lamina.  Its  texture  is  like  cartilage,  with  cells 
remarkably  arranged.  Its  teeth  project  into  the  scala 
vestibuli,  and  in  a  groove  below  them  are  found  colum- 
nar cells,  not  unlike  those  of  Jacob's  membrane.  Below 
the  membraneous  part  the  Marquis  Corti  discovered  ano- 
ther layer,  and  the  space  between  them  may  be  called 
the  scala  media.  The  bony  lamina  ends  above  by  a 
hook  or  hamula,  the  concavity  of  which  is  named  the 
helicotrema,  as  the  scalse  communicate  through  it.  The 
spiral  canal  dilates  into  a  summit-like  dome,  the  cupola, 
which  the  modiolus  includes  somewhat  by  spreading  into 
an  infundibulum. 

The  Auditory  Nerve,  or  portio  molHs  of  7th,  arises 
in  the  medulla  oblongata  by  fibres  at  the  back  of  the 
calamus  scriptorius.  In  its  softness  and  absence  of 
neurilemma  it  resembles  the  brain  substance  more  than 
nerves,  and  it  contains  many  bipolar  cells.  A  ganglion, 
very  distinct  in  the  carp,  is  found  at  its  origin,  and  some 
regard  the  pneumogastric  lobule  in  this  light.  Together 
with  the  facial  nerve  and  some  other  fibres  which  Wns- 
berg  named  the  portio  intermedia,  it  enters  the  internal 
meatus  and  divides  into  one  portion  for  the  vestibule 
and  semicircular  canals,  and  another  which  becomes  the 
cochlear  nerve.  The  vestibular  nerves  tie  closely  toge- 
ther the  osseous  and  membraneous  surfaces,  and  some 
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seem  to  end  by  running  towards  the  otoconia,  others  by 
spreading  out  on  the  inner  side  of  the  membrane,  having 
lost  their  white  substance.  In  the  semicircular  canals 
the  nerves  only  extend  as  far  as  the  ampuUse,  where  they 
end  in  a  forked  or  looped  manner.  The  cochlear  nerve 
passes  up  through  the  modiolus  and  sends  branches  to 
the  under  surface  of  the  spiral  lamina,  where  they  form 
a  most  intricate  plexus. 

The  Laws  of  Sound  are  epitomised  as  follows,  by 
Todd  and  Boivman,  in  their  admirable  article  on  the 
organ  of  hearing  : 

"The  following  points  respecting  the  laws  of  sound 
should  be  borne  in  mind  in  considering  the  offices  of  the 
various  parts  of  that  complex  acoustic  apparatus,  the 
human  ear : 

"1.  Any  irregular  impulse  communicated  to  the  air 
will  produce  a  noise ;  a  succession  of  impulses  occurring 
at  exactly  equal  intervals  of  time,  and  exactly  similar  in 
duration  and  intensity,  constitute  a  musical  sound. 

"  2.  The  frequency  of  repetition  necessary  for  the  pro- 
duction of  a  continued  sound  from  single  impulses  is, 
probably,  generally  not  less  than  sixteen  times  in  a  se- 
cond ;  but  Savart  thinks  that  some  ears  may  distinguish 
a  sound  resulting  from  only  ten  or  eight  vibrations  in  a 
second.  On  the  other  hand,  sounds  are  audible  which 
consist  of  24,000  vibrations  in  a  second. 

"3.  Sound  maybe  pi'opagated  or  conducted  by  air, 
gases,  liquids,  and  solids,  with  various  degrees  of  rapi- 
dity. 

"  4.  Sound  travels  through  air  at  the  temperature  of 
62°  Fahr.  at  the  rate  of  1,125  feet  in  a  second. 

"5.  Sound  is  incapable  of  transmission  through  a 
vacuum. 

"  6.  The  propagation  of  sound  is  the  more  effectively 
performed  as  the  medium  of  transmission  is  more  dense. 
Rarefied  air,  gases  of  low  density,  and  soft  soUds,  are 
less  perfect  conductors  of  §ound  than  much  denser  ma- 
terials of  the  same  kind. 
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"7.  We  distinguish  in  sounds — 1,  the  pitch  ;  2,  the 
intensity  or  loudness;  3,  the  quality  or  timbre. 

"The  pitch  of  the  sound  depends  on  the  rapidity  with 
which  the  vibrations  succeed  each  other  ;  and  any  two 
sounds  produced  by  the  same  number  of  vibrations  or 
impulses  in  the  same  time,  are  said  to  be  in  unison. 

"  The  loudness  or  intensity  depends  upon  the  violence 
and  extent  of  the  primitive  impulse. 

"The  quality  is  supposed  hj  Herschel  to  depend  on 
the  greater  or  less  abruijtness  of  the  impulses,  or  gene- 
rally on  the  law  which  regulates  the  excursions  of  the 
molecules  originally  set  in  motion. 

"8.  The  velocity  with  which  sound  travels  is,  how- 
ever, quite  independent  of  its  intensity  or  of  its  tone  ; 
sounds  of  every  pitch  and  of  every  quality  travel  with  the 
same  speed  through  the  same  medium,  as  is  proved  by 
the  fact  that  distance  does  not  destroy  the  harmony  of  a 
rapid  piece  of  music  played  by  a  band. 

"9.  Water  propagates  sound  with  much  greater  velo- 
city than  air  does.  Colladon  concludes  from  numerous 
observations  that  the  velocity  of  sound  in  water,  at  40° 
Fahr.,  was  at  the  rate  of  4,708  feet  in  a  second. 

"  10.  According  to  Biot,  cast-iron  propagates  tsound 
at  the  rate  of  11,090  feet  in  a  second. 

"  11.  Sonorous  undulations,  in  passing  from  one  me- 
dium to  another,  always  experience  a  partial  reflection, 
and  when  they  encounter  a  fixed  obstacle,  they  are  al- 
most wholly  reflected.  The  reflection  of  sound  occurs 
according  to  the  same  law  which  regulates  the  reflection 
of  light — namely,  the  angle  of  reflection  is  equal  to  the 
angle  of  incidence. 

"  12.  The  phenomena  of  echoes  result  from  the  re- 
flection of  sound  from  any  prominent  object." 

The  vibrations  carried  to  the  labyrinth  by  the  chain 
of  bones  and  the  air  in  the  tympanum  will  more  readily 
afiect  the  vestibule,  and  those  by  the  bones  of  the  head, 
the  cochlea.    Duges  suggested  that  the  special  use  of 
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the  cochlea  was  to  estimate  the  pitch  of  sound  and  of 
voice,  as  in  animals  it  bears  ratio  to  the  development  of 
vocal  organs.  The  semicircular  canals  hold  the  same 
relative  position  in  all  animals,  and  this  fact  suggested  to 
Wheatstone  and  others  that  they  are  the  means  by  which 
we  determine  the  direction  whence  sound  issues.  Flou- 
rens  asserts  that  injury  to  them  will  cause  animals  to 
move  in  various  directions,  according  to  the  canal  per- 
forated. The  calcareous  particles  in  the  endolymph 
must  increase  the  intensity  of  vibration  to  the  membra- 
neous labyrinth,  as  when  a  stone  is  placed  in  a  bladder 
of  water,  any  impulse  is  most  distinctly  felt  by  the  hand 
holding  it.  Dr.  Wollaston  calculated  the  range  of  human 
hearing  as  9  octaves,  the  lowest  notes  of  the  organ  and 
the  cry  of  some  insects  being  the  extremes.  That  sounds 
leave  a  sensation  after  they  have  ceased,  Savart  proved 
by  removing  one  tooth  from  a  toothed  wheel,  when  no 
interference  with  the  sound  could  be  detected.  Tinnitus 
aurium,  the  noise  of  flowing  water,  &c.,  are  subjective 
sensations  which  are  often  indicative  of  cerebral  disease. 
The  following  interesting  parallel  between  the  ear  and 
eye  is  drawn  by  Wharton  Jones  : 

"T-he  comparison  which  I  should  institute  between 
the  component  parts  of  the  ear  and  the  eye  is  the  fol- 
lowing : 

"  The  osseous  labyrinth  may  be  compared  to  the 
sclerotica ;  and  the  fenestra  rotunda,  or  cochlear  fenestra, 
to  the  cornea, 

"  To  find  a  part  in  the  eye  analogous  to  the  vestibular 
fenestra,  we  must  first  consider  that  the  latter  is  a  yield- 
ing part  of  the  otherwise  solid  wall  of  the  labyrinth ; 
that,  through  the  medium  of  it,  the  chain  of  small  bones 
and  their  muscles  in  the  tympanum  exercise  on  the  soft 
parts  contained  in  the  labyrinthic  cavity  a  certain  degi'ee 
of  tension  or  compression,  fitted  propably  to  accommo- 
date in  some  manner  the  ear  to  the  perception  of  diflerent 
degi-ees  of  sound.  In  the  case  of  the  eye,  the  sclerotica, 
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which  corresponds  to  the  osseous  labyrinth,  is  thinner 
and  more  yielding  at  the  middle  of  its  circumference  (re- 
markably so  in  the  Greenland  seal).  From  this  it  has 
been  supposed  that  the  action  of  the  muscles  of  the  eye- 
ball might,  by  their  compression,  produce  a  change  of 
shape  fitted  to  accommodate  the  eye  to  distances.  Hence 
the  vestibular  fenestra  and  middle  thin  part  of  the  scle- 
rotica might  be  compared  to  each  other,  in  as  far  as  re- 
gards the  function  which  each  performs  in  the  economy 
of  its  own  organ.  However  this  may  be,  the  vestibular 
fenestra  of  the  ear  and  the  thin  part  of  the  sclerotica 
correspond  to  each  other  as  far  as  can  be  in  relative  posi- 
tion ;  and,  if  we  admit  the  action  just  mentioned  of  the 
muscles  upon  the  eye-ball,  we  have,  as  I  shall  imme- 
diately show,  their  counterparts  in  the  muscles  of  the 
small  bones  of  the  tympanum. 

"  The  tympanic  scala  of  the  cochlea  may  be  compared 
to  the  anterior  chamber  of  the  aqueous  humour,  and  the 
vestibular  scala  to  the  posterior  chamber. 

"  The  spiral  lamina,  considering  its  vascularity  and 
richness  in  nerves,  and  its  forming  a  partition  between 
two  chambers  containing  an  aqueous  humour,  may,  as  I 
have  already  said  in  a  former  part  of  this  article,  be  con- 
sidered the  counterpart  of  the  iris,  and  the  helicotrema, 
that  of  the  pupil. 

"The  membrane  lining  the  labyrinthic  cavity  bears 
the  same  relation  to  the  latter  as  the  arachnoidea  oculi 
does  to  the  sclerotica.  The  place  filled  with  perilymph, 
between  the  osseous  and  membraneous  labyrinth,  may  be 
considered  analogous  to  that  between  the  sclerotica  and 
choroid.  It  however  communicates  with  the  scalae  of 
the  cochlea,  the  parts  analogous  to  the  chambers  of  the 
aqueous  humour,  because  there  is  nothing  in  the  ear  to 
be  compared  to  the  cihary  ligament. 

''Forming  the  membraneous  labyrinth  we  find  :  1,  a 
delicate  cellular  tissue  supporting  the  branches  of  the 
blood-vessels,  and  which  is  sometimes  found  containing 
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black  pigment;  2,  a  firm,  transparent,  membraneous 
coat,  within  which,  3,  is  a  nervous  expansion ;  4,  the  endo- 
lymph ;  5,  suspended  in  the  latter  the  mass  of  calcareous 
matter.  The  cellulo-vascular'  layer  containing  pigment, 
together  with  the  rest  of  the  walls  of  the  membraneous 
labyrinth,  may  be  compared  to  the  choroid  coat  of  the 
eye,  the  nervous  expansion  to  the  retina,  the  endolylnph 
to  the  vitreous  humour,  and  the  calcareous  mass  to  the 
lens. 

"  In  the  lower  animals  the  cochlea  is  the  first  part  of 
the  ear-bulb  to  disappear ;  in  regard  to  the  eye-ball,  the 
aqueous  chambers,  to  which  I  have  compared  the  scalte 
of  the  cochlea,  are,  in  like  manner,  the  first  parts  which, 
in  the  depreciation  of  the  structure  of  the  eye,  in  the 
animals  series,  disappear ;  e.g.,  the  eye  of  the  Cephalo- 
podous  Mollusca. 

"  Is  the  cochlear  nerve  the  same  in  function  with  the 
vestibular  ?  The  vestibular  nerve  is  the  special  nerve  of 
hearing  ;  but  does  not  the  cochlear  nei-ve  perform  some 
function  in  the  economy  of  the  ear  analogous  to  what 
the  ciliary  nerves  perform  in  that  of  the  eye  ? 

"  If  an  example  is  required  in  which  the  optic  nervous 
filaments  enter  the  eye  separately,  as  do  the  nervous 
filaments  of  the  ear-bulb,  it  is  to  be  found  in  the  Cepha- 
lopodous  Mollusca. 

"As  in  front  of  the  eye-ball  there  is — or  rather  would 
be  if  it  was  not  that  the  eyelids  are  constantly  in  con- 
tact with  the  eye-ball — a  space  lined  by  a  mucous  mem- 
brane, the  conjunctiva ;  so,  at  the  peripheral  sm'face  of 
the  ear-bulb  there  is  a  space — the  tympanic  cavity — 
lined  by  a  mucous  membrane  also.  Moreover,  as  there 
is  a  passage  into  the  nose  from  the  space  bounded  by  the 
conjunctiva,  so  does  the  tympanic  cavity  communicate 
with  the  throat  by  the  Eustachian  tube.  In  the  tympanic 
cavity  there  is  a  chain  of  small  bones,  articulated  to 
each  other  and  moved  by  muscles,  which  serves  to  pro- 
duce some  change  in  the  state  of  tension  of  the  soft  parts 
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of  the  ear-bulb ;  in  the  conjunctival  space  there  is  nothing 
analogous— although,  without  pushing  the  point  too  far, 
we  might  compare  the  muscles  of  the  eye-ball  with  those 
of  the  ossicles  of  the  tympanum,  both  being  equally,  in 
fact,  outside  their  respective  mucous  membranes.  In  re- 
gai-d  to  the  ossicles,  I  would  remark  that,  according  to 
the  views  of  Weber,  they  must  be  reckoned  among  those 
which  do  not  belong  to  the  skeleton,  and  which  are  of 
very  inconstant  occurrence.  Such  are  the  bone  of  the 
penis  in  many  animals,  the  teeth,  the  ring  of  bony  plates 
round  the  front  of  the  sclerotica  of  the  bird's  eye,  &c. 

"A  part  in  the  composition  of  the  appendages  of  the 
eye  analogous  to  the  membrana  tympani  is  only  to  be 
conceived  by  supposing  the  existence  of  a  mediate  anchy- 
loblepharon — that  is,  an  irregular  membrane  stretched 
between  the  edges  of  the  eyelids,  uniting  them  together 
and  closing  in  the  space  lined  by  the  conjunctiva,  which 
space  would  now  communicate  with  the  exterior  only  by 
the  lachrymal  canalicules  and  nasal  duct,  in  the  same 
way  that  the  tympanic  cavity  communicates  with  the 
exterior  only  by  the  Eustachian  tube.  A  congenital 
fissure,  or  total  absence  of  the  membrana  tympani,  is  an 
irregularity  of  structure  in  the  ear  which  may  be  com- 
pared to  what  is  regular  in  the  eye.  A  mind  accustomed 
to  trace  analogies  will  perceive  a  resemblance — to  the 
external  auditory  passage  in  that  short  space  at  the 
opening  of  the  eyelids,  extending  from  the  inner  edge  of 
the  tarsal  margin  to  the  outer ;  to  the  ceruminous  glands 
in  the  Meibomian  follicles ;  and  to  the  hairs  at  the 
entrance  of  the  auditory  passage  in  the  eyelashes.  The 
auricle,  if  it  is  necessary  to  look  for  a  part  correspond- 
ing to  it,  may  be  placed  in  the  same  category  with  the 
eyebrows." 

FACIAL,  PNEUMOGASTRIC,  AND  ACCESSORY  NERVES. 

The  Facial  nerve  is  traceable  from  the  olivary  column 
to  a  space  bounded  by  the  pons,  olivary  body,  and  pneu- 
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mogastric  lobule,  where  it  lies  close  to,  but  above  the 
portio  mollis.  After  traversing  the  internal  meatus,  it 
passes  through  the  Fallopian  aqueduct,  in  which  it  is 
joined  by  the  lesser  petrosal  nerve  from  the  otic  ganglion, 
and  the  greater  petrosal,  or  vidian,  from  MeckeVs  ganglion. 
Where  the  latter  nerve  strikes  it,  a  swelling — the  intu- 
mescentia  ganglioformis — is  found,  from  which  the  corda 
tympani  arises ;  and  beyond  this  it  supplies  the  stapedius 
and  tensor  tympani,  and  emerges  through  the  stylomas- 
toid foramen.  In  the  parotid  it  sends  oflf  auricular 
stylohyoid,  digastric,  cervico-facial,  and  temporo-facial 
branches,  the  latter  forming  the  pes  anserina,  which  sup- 
plies all  the  superficial  muscles  of  the  face.  Its  distri- 
bution in  man  and  other  animals,  and  the  effects  of  divi- 
sion or  disease,  clearly  demonstrate  its  function  to  be 
purely  motor.  It  is  the  nerve  of  facial  expression,  and 
varies  in  animals  in  size  according  to  the  amount  of 
this  power.  It  supplies  the  muscles  of  the  soft  palate 
by  a  branch  sent  back  along  the  vidian  nerve.  Its 
branch,  the  corda  tympani,  supplies  the  lingualis  muscle. 
Its  function  is  beautifully  indicated  by  that  common 
affection  termed  BelVs  palsy,  in  which  this  nerve  is  alone 
affected.  When  the  cause  is  intracranial,  the  ej^e  remains 
open,  the  tears  overflow,  the  brow  and  face  are  un- 
wrinkled  and  expressionless,  the  cheek  puffs,  and  the  air 
escapes  through  the  corner  of  the  mouth  if  the  patient 
tries  to  whistle  ;  the  ala  nasi  is  loose,  deafiiess  happens, 
and,  in  some  way,  taste  is  impaired — so  that  four  of  the 
organs  of  special  sense  are  affected.  The  patient's  utte- 
rance is  also  often  imperfect,  from  the  injury  to  the  lin- 
gualis and  palatine  branches.  The  sketch  of  the  ana- 
tomical distribution  of  the  nerve  we  have  given  above, 
explains  all  these  symptoms. 

The  Accessory  nerve  is  quite  peculiar  in  origin,  as 
it  takes  root,  by  6  or  8  filaments  between  the  anterior 
and  posterior  roots,  along  the  side  of  the  spinal  cord,  as 
low  as  the  5th  cervical  nerve.    Passing  up  through  the 
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foramen  magnum,  it  again  leaves  the  cranium  by  the 
jugular  foramen,  sends  a  large  branch  to  the  pneumo- 
gastric,  pierces  the  sterno-mastoid,  and  supplies  the  tra- 
pezius. Experiments  have  afforded  very  clear  proof  that 
the  branch  it  sends  to  the  vagus  is  motor,  and  is  mainly 
sent  to  the  larynx,  to  which  it  goes  directly  in  quadru- 
mana.  The  sterno-mastoid  and  trapezius  are  also  sup  - 
plied by  the  cervical  plexus.  Sir  C.  Bell  regarded  the 
accessory  as  a  respiratory  nerve. 

The  Pneumogastric,  which  is  the  most  extensively 
connected  of  all  nerves,  arises  in  the  groove  between  the 
olivary  and  restiform  bodies,  and  escapes  by  the  jugular 
foramen.  Below  this  it  forms  a  swelling  often  termed 
the  laryngeal  ganglion  of  Sir  A.  Cooper,  and  in  passing 
over  the  subclavian  artery  swells  into  the  plexus  gan- 
glioformis  of  Vieussens.  Its  course  in  the  neck,  thorax, 
and  abdomen  forms  an  important  anatomical  study,  and 
is  depicted  on  page  291.  Its  main  branches  are  :  1. 
Communicating ;  2.  Pharyngeal,  motor  to  the  muscles  of 
pharynx  ;  8.  Superior  laryngeal,  sensitive  to  mucous 
surface,  and  a  twig  to  the  crico-thyroid,  which  can  be 
traced  back  to  the  accessory  ;  4.  Cardiac,  which  join  the 
cardiac  plexus  ;  5.  Inferior  or  recurrent  laryngeal,  so 
called  from  winding  round  the  subclavian  on  right  side, 
and  the  arch  of  the  aorta  on  the  left.  Mr.  Hart,  late 
Professor  of  Anatomy  in  om'  College,  has  explained  this 
course  by  the  relations  of  the  brain  and  larynx  to  the 
great  vessels  in  early  life.  In  birds  it  passes  direct  to 
the  lower  or  vocal  larynx.  This  nerve  supplies  all  the 
laryngeal  muscles,  save  the  crico  thyroid,  and,  according 
to  Reid,  sends  sensitive  filaments  to  the  trachea.  6. 
Pulmonary  branches,  forming  the  anterior  and  posterior 
pulmonary  plexuses.  7.  CEsophageal,  which  form  the 
plexus  gulas.  8.  Gastric  branches,  which  can  be  traced 
into  the  submucous  or  nervous  coat  of  the  stomach. 

Most  numerous  experiments  have  been  performed  on 
the  pneumogastric  nerve.    Irritation  produces  vermi- 
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s  cular  motion  of  the  stomach.  When  they  are  divided, 
loathing  of  food  is  at  first  observed,  but  the  animals  after- 
wards eat  without  the  feeling  of  satiety  ;  gastric  juice  is 
still  poured  out  and  digestion  proceeds.    Brodie  stated 

[  that  after  section  of  these  nerves  no  mucus  was  poured 
out,  so  that  arsenic  killed  more  rapidly  and  the  coats  of 
the  organ  were  themselves  digested — but  such  results 
cannot  always  be  obtained.  When  divided  in  a  rabbit 
above  the  oesophagus,  the  animal  eats  so  voraciously 
that  the  food  accumulates  in  the  stomach,  oesophagus, 
and  air-passages.  The  cardiac  filaments  seem  to  have 
a  common  action  with  the  sympathetic  on  the  heart. 

1  Section  of  one  nerve  does  not  materially  affect  respi- 
ration ;  but  if  both  are  divided  above  the  lungs  the  ani- 
mal dies  in  about  8  days,  unless  the  ends  are  kept  close 
together,  when  they  sm-vive  12.  The  animal  suffers 
from  dyspnoea,  the  "  besoin  de  respirer"  still  existing, 
and  after  death  the  lungs  are  found  congested  and  en- 
gorged with  a  serous  fluid,  due  partly  to  the  inflam- 
mation which  foreign  bodies  produce  by  entering  the  air 
passages.  If  the  superior  laryngeal  nerve  is  divided, 
irritants  produce  no  effect  on  the  glottis,  which  before 
was  exquisitely  sensitive.  Irritation  of  the  inferior 
laryngeal  produces  spasm  of  all  the  muscles  save  crico- 
thyroid ;  and  division  of  it  produces  paralysis  of  them 
followed  by  death,  as  the  arytenoid  cartilages  fall  to- 
gether— the  apnoea  occurring  more  rapidly  in  young  ani- 
mals on  account  of  the  cartilages  being  more  movable. 
Magendie  regarded  the  superior  as  the  constrictor,  and 
the  inferior  as  the  dilator  nerve  of  the  organ  ;  and  thus 

I  accounted  for  death  by  the  unopposed  action  of  the 
former  when  disease  or  injury  destroyed  the  latter.  Par- 
tial or  complete  aphonia  is  another  effect  of  injury  to  the 
recurrent  nerve.  Many  diseases,  such  as  spasm  of  the 
glottis,  hooping-cough,  stomach-cough,  &c.,  are  due  to 
reflex  action  of  this  great  trunk  by  irritation  of  some  of 
its  branches. 
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QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  Describe  the  structure  aud  uses  of  the  upper  eyelid.  Is  there 
any  rudiment  of  a  thii-d  eyehd  ? 

2.  Explain  the  action  of  the  agents  by  which  we  produce  dila- 
tation aud  contraction  of  the  pupil. 

3.  What  is  the  form  of  the  human  eye Describe  the  coats 
which  preserve  its  form  permanently. 

4.  What  is  the  structure  and  use  of  the  inner  coat  of  the 
choroid 

5.  Enumerate  the  dioptric  media. 

6.  Describe  the  structure  of  the  optic  commissure  and  nerve. 

7.  Give  a  short  sketch  of  the  nature,  components,  and  properties 
of  light,  and  explain  what  is  meant  by  complementary  colours. 

8.  Sketch  the  physiological  purpose  of  each  part  of  the  external 
ear. 

9.  Enumerate  the  openings  in  the  tympanum,  and  describe  the 
sti'uctures  which  fill  the  largest  of  them. 

10.  Describe  briefly  the  labyiinth  and  the  structures  which  fill 
the  semicu'cular  canals. 

11.  What  is  the  function  of  the  facial  nerve,  and  how  has  it 
been  proven 

12.  Mention  the  results  which  follow  section  of  the  pneumo- 
gastric  opposite  the  following  points :  4th  cervical,  3rd  and  8th 
dorsal  veitebrse. 

SENIOR. 

1.  Explain  the  movements  of  the  eyeball,  aud  the  arrangements 
of  the  orbit  to  permit  them. 

2.  Descilbe  the  tunica  vaginalis  oculi  of  O'Ferrall,  and  the  prac- 
tical deductions  which  follow  fi-om  its  study. 

3.  What  are  the  symptoms  of  disease  of  the  oculo-motor  nerve  ? 

4.  Describe  the  layers  of  the  cornea  and  the  changes  they 
undergo  in  staphyloma. 

5.  What  means  are  there  for  regulating  the  amount  of  light  ad- 
mitted to  the  retina  ? 

6.  Sketch  the  structure  of  the  various  layers  of  the  retina,  pai- 
ticularising  any  appearances  presented  by  it  posteriorly. 

7.  What  is  Prof.  Hay  den's  view  of  the  function  of  the  yellow 
spot 

8.  Relate  what  happens  to  a  ray  of  light  as  it  passes  through 
the  eye. 
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9.  What  powers  render  the  eye  superior  to  any  artificial  com- 
bination of  lenses,  and  what  are  its  most  common  optical  defects  ? 

10.  How  are  the  vibrations  carried  from  the  membrana  tympani 
to  the  fenestra  ovalis,  and  how  can  the  tensity  of  the  chain  be  re- 
gulated ? 

11.  Describe  the  spu-al  lamina,  and  say  what  functions  have 
been  assigned  to  each  part  of  the  internal  ear. 

12.  State  a  few  analogous  parts  in  the  eye  and  ear. 


REPEODUCTION. 

The  multiplication  of  individuals  is  accomplislied  in  the 
vegetable  and  animal  kingdoms  in  a  great  variety  of 
ways,  but  in  all  cases  the  presence  of  a  protoplast,  or 
pair  of  protoplasts,  is  essential.    The  old  doctrine  of 
spontaneous  generation  was  mainly  supported  by  the 
production  of  infusoria  and  other  minute  organisms  in 
places  where  no  germ  could  be  discovered,  but  the  pro- 
gress of  microscopical  science,  as  well  as  the  following 
experiment  of  Schultze,  has  overthrown  the  hypothesis. 
This  naturalist  found  that  infusions  of  organic  matter, 
if  exposed  to  the  influence  of  the  air,  warmth,  and  light, 
soon  swarmed  with  living  beings ;  but  if  he  compelled 
the  air  to  traverse  sulphuric  acid  or  solution  of  caustic 
potash,  all  germs  were  destroyed,  and  at  the  end  of  3 
months  the  infusions  were  free  from  all  trace  of  ani- 
malcules.   As  we  proceed  we  shall  have  further  proof 
of  the  aphorism,  "omne  vivum  ex  ovo,"  for  which  the 
immortal  Harvey  so  perseveringly  contended.    He  as- 
serted that  **  all  animals — whether  they  be  swimming, 
walking,  or  flying  animals,  and  whether  they  be  born  in 
the  form  of  an  animal  or  of  an  egge — are  all  generated 
after  the  same  manner."    The  numerous  modes  of  re- 
production are  tabulated  as  follows  by  Prof.  A.  Thomson. 
I  have  added  an  example  of  each  form  : 
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Fissipa- 
rous. 


o  1  Gemmipa- 
^  rous. 


X 


/'Hermaphro- 
dite. 


Dioecious.  - 


f  Parent  splits,  each  part  a  new  animal. 
I  1.  Transverse — Amoeba. 

J  2.  Longitudinal — Vorticella. 

3.  Irregular — Gonium. 
1^  Parent  splits  and  discharges  the  young. —  Volvox. 
J  Budding  upon  the  parent  stock — Hydra. 
\  Separated  huds.    Gemmai  or  sporules. 

1.  On  all  parts  of  the  body — Medusa. 

2.  On  one  part  or  organ  only — Tunicata. 
Both  sexual  organs  on  one  individual. 

1.  Self -impregnation — Tapeworm. 

2.  Mutual  impregnation — Snail. 
/'Oviparious,  laying  eggs  which  are  hatched. 

1.  External  fecundation — Herring. 

2.  Internal  fecundation — Fowl. 
Ovo-viviparous.    Eggs  hatched  within  the  ma- 
ternal body — Snake. 

\^Mammiferous,  suckling  the  young. 

1 .  Monotrematous —  Ornithorynchus. 

2.  Mai'supial — Kangaroo. 

3.  Placental  or  strictly  viviparous — Man. 

The  ovum,  whicli  results  from  the  higher  of  these 
processes,  may  undergo  several  important  changes  before 
it  exactly  resembles  its  parent  or  parents,  and  such 
changes  are  termed  metamorphoses.  This  phenomenon 
is  well  illustrated  in  the  insect  world — for  instance,  the 
ovum  which  the  butterfly  produces  develops  at  first  into 
a  larva  (caterpillar),  which  nest  appears  as  the  chrysalis, 
from  which  the  fully  formed  insect  arises,  and  bears  an 
exact  resemblance  to  the  parent. 

Alternation  of  Generations  was  the  termed  applied 
by  Steenstnip  to  a  remarkable  phenomenon,  by  which 
the  larval  or  imperfect  form  gives  rise  to  a  creature 
which  eventually  comes  to  resemble  the  animal,  its 
grand-parent,  which  produced  the  original  ovum.  As 
the  least  complex  example,  I  select  the  common  tape- 
worm to  illustrate  this  wonderful  phenomena.  The  ova 
of  the  tape- worm,  if  introduced  into  the  body  of  the  pig, 
therein  produce  the  entozoon  known  as  cysticercus  cel- 
lulose, which,  if  present  in  great  quantity,  gives  rise  to 
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that  condition  of  its  flesh  termed  "measly."  If  such 
meat  be  partaken  of,  especially  if  underdone,  these  crea- 
tures develop  into  that  formidable  parasite  the  tsenia 
solium.  These  facts  have  been  ascertained  in  numerous 
carefully  conducted  experiments  on  a  criminal,  who,  in 
consideration  of  a  short  reprieve,  allowed  the  cysticerci 
to  be  introduced  into  his  body. 

Parthenogenesis,  or  virgin  reproduction,  is  the  term 
which  Prof.  Owen  uses  to  designate  the  remarkable  pro- 
cess by  which  part  of  the  germ-mass  produced  in  one 
generative  act  is  transmitted  through  the  successive 
broods  which  arise.  The  aphis,  or  Wight  insect,  is  an 
example  of  this  kind,  one  impregnation  being  enough  to 
produce  many  generations  (20  according  to  Prof.  Huxley), 
when  a  fresh  one  is  required. 

Brief  as  this  sketch  is,  it  is  necessary  to  allude  to  the 
remarkable  theory  of  Darwin,  which  has,  within  the  last 
few  years,  created  so  intense  an  interest.    In  his  work 
"On  the  Origin  of  Species  by  means  of  Natural  Selection, 
or  the  preservation  of  favoured  races  in  the  struggle  for 
life,"  this  naturalist  supposes  that  there  exists  in  nature 
powers,  acting  very  slowly  but  sm'ely,  capable  of  pro- 
ducing new  species  by  gradual  modification  and  without 
the  special  exercise  of  creative  efibrt.  That,  for  instance 
in  epochs  long  past,  there  existed  a  fish  which  has  been 
the  common  ancestor  of  the  herring,  sardine,  sprat,  &c., 
secondary  causes  and  not  the  direct  interposition  of 
Providence,  having  perfectly  adapted  each  species  to  the 
precise  position  it  fills  in  the  universe.    Again  he  says  : 
"  I  believe  that  animals  have  descended  from  at  most 
only  four  or  five  progenitors,  and  plants  from  an  equal 
or  lesser  number.     Analogy  would  lead  me  one  step 
further — namely,  to  the  belief  that  all  animals  and  plants 
have  descended  from  some  one  prototype.    But  analogy 
may  be  a  deceitful  guide.   Nevertheless  all  living  things 
have  much  in  common  in  their  chemical  composition, 
their  germinal  vesicles,  their  cellular  structure,  and  their 
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laws  of  growth  and  reproduction.  We  see  this  even  in 
so  trifling  a  circumstance  as  that  the  same  poison  often 
similai'ly  affects  plants  and  animals  ;  or,  that  the  poison 
secreted  by  the  gall-fly  produces  monstrous  growths  on 
the  wild  rose  or  oak-tree.  Therefore,  I  should  infer 
from  analogy  that  probably  all  the  organic  beings  which 
have  ever  lived  on  this  earth  have  descended  from  some 
one  primordial  form,  into  which  life  was  breathed  by  the 
Creator."  In  the  struggle  for  life  and  by  the  numerous 
variations  which  occur,  less-improved  forms  become  ex- 
tinct, and  "  thus,  from  the  war  of  nature,  from  famine 
and  death,  the  most  exalted  object  which  we  are  capable 
of  conceiving,  namely,  the  production  of  the  higher  ani- 
mals, directly  follows.  There  is  grandeur  in  this  view 
of  life  with  its  several  powers  having  been  originally 
breathed  by  the  Creator  into  a  few  forms,  or  into  one  ; 
and  that  whilst  this  planet  has  gone  cycling  on  accord- 
ing to  the  fixed  law  of  gravity,  from  so  simple  a  begin- 
ning, endless  forms,  most  beautiful  and  most  wonderful, 
have  been  and  are  being  evolved." 

THE  MALE  GENERATIVE  ORGANS 

Include  the  testis  and  its  duct,  the  vesicula  seminalis, 
the  prostate,  urethra,  and  penis  ;  and  we  shall  very 
briefly  describe  their  structural  anatomy. 

The  Testis  is  a  gland  composed  of  about  800  minute 
tubes,  the  tubuli  seminiferi,  about  rko  in  diameter,  and 
from  13  to  33  inches  long.  They  are  rolled  into  about 
300  packets,  from  which  about  15  tubuli  recti  emerge 
to  form  the  rete  testis  in  the  layers  of  the  mediastinum. 
From  the  body  of  the  gland  about  10  vasa  efierentia  lead, 
and  form  the  epididymus— a  convoluted  tube  about  21 
feet  long ;  and  it  is  calculated  that  the  whole  seminal 
tubing  measures  over  f  of  a  mile.  The  tubules  have  a 
fibrous  coat  and  an  epithelial  lining,  and  during  the 
activity  of  the  gland  are  filled  with  cells  in  which  the 
spermatozoa  become  developed  as  spiral  threads  and 
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gradually  matured  as  they  reach  the  vas  deferens.  Semen 
as  it  is  ejaculated  consists  of  the  combined  secretions  of 
the  testis,  seminal  vesicle,  prostate,  and  some  smaller 
glands,  and  is  a  whitish  tenacious  fluid  with  a  peculiar 
smell.  It  liquifies  on  exposure  to  air.  It  contains  al- 
bumen, a  peculiar  principle,  spermatin,  and  phosphates, 
which  often  crystallize. 

The  microscope  discovers  in  it  peculiar  bodies,  the 
spermatozoa — and  those  of  man  are  here  represented. 

The  identification  of  semen  in 
linen  stains  is  often  of  judicial 
@     ®      y  importance  in  cases  of  rape.  In- 

^  eluding  the  head  and  tail,  they 

®    «^  e-—    are  about  eio  in  length,  and  by 

<^  the  movement  of  the  tail  are 

\  /  Q         propelled  forward  at  the  rate  of 

^  ®  \         1  i^ch  in      minutes.  Water 
^  increases  such  movements  at 

^  first,  but  they  then  become 

indistinct  by  osmose.  Urine, 
Spermatozoa  and  Seminal     str}'chnia,  opium,  hydrocyauic 
*■  acid,  and  electric  currents  stop 

the  movements,  which  continue  longer  in  the  organs  of 
the  female  than  in  any  other  situation.  They  have  been 
seen  to  move  in  the  female  organs  of  insects  for  many 
months.  In  semen  that  has  been  dried  the  movements 
may  be  restored  by  solutions  of  alkalies,  albamen,  sugar, 
&c.  They  contain  lime,  and  thus  it  is  stated  that  they 
may  be  heated  to  redness  without  losing  their  peculiar 
form.  Spermatozoa,  as  the  name  implies,  were  long 
considered  as  animalcules — indeed  Lewenhoeck  called 
them  "  homunculi;"  but  physiologists  now  regard  them 
as  gland-cells  with  a  single  cilium  attached,  their  motion 
being  due  to  osmotic  currents.  That  they  are  necessary 
for  fecundation  is  shown  by  their  absence  from  the  semen 
of  immature  or  hybrid  animals,  and  Newjjort's  experiment 
of  filtering  them  from  the  semen  ef  insects.    They  enter 
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into  the  interior  of  the  ovum  by  an  opening  named  the 
micropyle,  which  Ransom  has  discovered  in  fishes ;  but 
it  has  not  been  ascertained  positively  to  exist  in  other 
vertebrates. 

We  are  in  complete  ignorance  of  the  manner  in  which 
the  foetus,  through  the  influence  of  this  fluid,  partakes  of 
the  features,  physical  and  mental  characteristics,  and 
proclivity  to  disease  of  the  father ;  and  still  less  can  it  be 
explained  how  mares  and  other  female  animals  will  bear 
ofispring  partaking  of  the  character  of  a  male  by  which 
she  had  been  long  before  impregnated. 

The  semen  is  conducted  by  the  vas  deferens — a  tor- 


Male  Generative  Organs. 
j1.  Curpus  Spongiosum  Urethrce.  B.  The  Bulb.  CC.  The  tuo  lateral  Lobet 
of  tlie  prostata.  D.  The  ritxht  Erector  Penis  Muscle.  E.  The  left  O  ut 
Penis  dimded  soastoslww  the  ^Irteryof  the  Corpus  Cavernosum.  F.  The 
llectum  turned  down.  G  G.  The  Tuberosities  of  Ischia.  11.  The  great 
Gluteei  MuscIps.  KK.  The  Levatores  Ani  Muscles  aivided  and  partly  re- 
moved. M.  The  membraneous  portion  of  Urethra.  NN.  The  yesiculce 
Seminales.  O  0.  The  Great  Sciatic  Ligament.  P.  The  base  of  the 
Rtad/ler.  Q  Q.  The  two  I'asa  Deferentia  becoming  tortuous  before  their 
termmatton. 

tuous  tube  abounding  in  muscular  tissue — to  the  pros- 
tate where,  joining  the  duct  of  the  seminal  vesicle,  it 
forms  the  common  ejaculatory  duct. 
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The  Seminal  Vesicle  consists  of  a  coeeal  tube,  much 
convoluted,  and  lined  by  a  fine  honeycomb  mucous  coat, 
exactly  like  that  of  the  gall-bladder.  Whether  these 
organs  merely  lodge  the  semen,  secrete  an  independent 
fluid,  or  both,  is  undetermined.  They  often  contain 
spermatozoa,  whicb  may  have  merely  moved  back  from 
the  vas  deferens.  Tbey  are  absent  in  many  animals,  do 
not  waste  after  castration,  and  in  the  elephant  there  are 
seminal  reservohs  distinct  from  them. 

The  Prostate  consists  of  many  ducts  opening  into  the 
urethra  and  pouring  out  viscid  mucus,  and  is  chiefly 
made  up  of  a  mingled  fibrous  and  muscular  substance, 
very  similar  to  that  of  the  uterus.  The  following  glands 
also  pour  mucus  into  the  urethra — the  sinus  pocularis, 
which  Weber  termed  the  uterus  masculinus,  the  antipros- 
tatic  glands  of  Cowper,  lacunas,  and  some  branched  fol- 
licles called  the  glands  of  Littre.  The  urethra,  the  com- 
mon urino-genital  passage,  has  been  before  alluded  to. 
Its  posterior  curve  is  equal  to  of  a  circle  3  J  inches  in 
diameter,  which  is  therefore  the  proper  curve  for  cathe- 
ters. The  spongy  body  which  surrounds  it,  dilating 
into  the  bulb  behind,  and  the  glans  penis  in  front,  are 
represented  in  the  foregoing  view  of  the  male  organs 
from  the  perineum. 

The  Penis  is  mainly  composed  of  erectile  tissue,  which 

has  been  described  at  page 
147,  but,  according  to  Mill- 
ie); there  are  peculiar  arte- 
ries he  termed  helicine,  from 
their  shell-like  curves.  He 
believed  these  were  coecal, 
and  that  they  only  contain- 
ed blood  during  erection. 
Kdlliker  has  found  that  they 
are  not  exactly  coecal,  but 
that  extremely  fine  vessels 
vetsdt.  lead  from  them.  Houston 
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believed  that  the  erect  state  of  the  organ  was  due  to  com- 
pression of  the  dorsal  vein  by  a  few  fibres  of  the  ejacula- 
tor  seminis,  which  he  called  the  "  compressor  venae  dor- 
salis  penis." 

Puberty  occurs  in  man  about  the  14th  or  15th  year, 
and  is  marked  by  the  development  of  sexual  feelings, 
enlargement  of  the  genitals,  and  the  presence  of  sperma- 
tozoa in  the  semen.  Among  other  concomitant  changes 
are  the  growth  of  hair  on  the  face  and  pubis,  increase  in 
size  of  the  thorax  and  larynx,  producing  deeper  vocal 
tones,  masculine  strength,  symmetry,  and  physiognomy, 
and  greater  courage  and  other  mental  endowments.  Such 
changes  do  not  occur  when  the  testis  are  undeveloped  or 
abstracted,  as  in  eunuchs.  Procreative  capacity  lasts  till 
beyond  60,  or  in  many  recorded  cases  much  longer. 

THE  FEMALE  GENERATIVE  ORGANS 

Are  the  ovary,  Fallopian  tube,  uterus,  and  external  or- 
gans. 

The  Ovary  is  an  oval  gland,  tied  by  a  fold  of  perito- 
neum and  an  imper- 

Mi 


vious  ligament  to  the 
uterus.  It  consists  of 
a  fibrous  coat,  the  tu- 
nica  albuginea,  like 
that  of  the  testis,  and 
a  fibro-vascular  stro- 
ma, in  which  are  im-  _ 
bedded  the  Graafian 
vesicles,   varying  i^'^s^**^'^' 
number  from  10  to  50, 
and  in  size  from  that 
of  a  pin's  head  to  that 
of  a  pea.    Each  ve- 
sicle   or  Ovi-SaC   con-  TheOvum,Zona.p7uucida,andCellsofthe 
sistS   of    a    cell    wall,  Oerminal  DUc. 

lined  by  a  hyaline  basement  layer  and  a  thick  epithelium, 
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termed  the  membrana  granulosa.  The  ovum  is  fixed  in 
this  epithelium  by  retinacula,  according  to  Barry,  and 
the  rest  of  the  vesicle  in  filled  with  fluid. 

The  Ovum  is  a  circular  body  about  xacr  in  diameter, 
covered  by  a  clear  coat  exactly  similar  to  the  elastic 
layers  of  the  cornea,  and  termed  the  zona  pellucida  or 
yolk  membrane.  This  encloses  the  yolk,  a  semi-fluid 
mass  of  granules  and  oil  particles,  and  near  its  circum- 
ference the  germinal  vesicle  of  Purkinje,  within  which  is 
lastly  to  be  perceived  the  germinal  spot.  The  yolk  gra- 
nules and  ovum  of  the  rabbit  during  rut  are  figured  on 
the  foregoing  page. 

The  Fallopian  Tube,  or  oviduct,  begins  by  a  fimbri- 
ated extremity,  at  which  the  peritoneal  sac  is  open  during 
conception,  and  terminates  at  the  upper  angle  of  the 
uterus.  It  has  a  strong  fibro-muscular  coat  and  a  cili- 
ated mucous  surface,  the  movements  of  which  are  towards 
the  uterus. 

The  Uterus  is  of  a  flattened  pear  shape,  consisting  of 
a  fundus,  at  the  angles  of  which  the  Fallopian  tubes 
enter,  a  body  and  a  cervix  projecting  into  the  vagina, 
and  across  which  there  is  a  slit-like  opening — the  os 
uteri.  The  cavity  of  the  womb  is  very  narrow  and  con- 
tains but  a  little  mucus.  Its  wall  is  about  ^  an  inch 
thick,  and  consists  of  muscle-cells  and  fibres  running  in 
every  direction  irregularly — save  round  the  os,  where 
they  make  a  partial  sphincter.  Within  the  cemx  are 
the  glandulse  Nabothi,  which  secrete  a  plug  of  viscid 
mucus.  The  uterine  nerves  are  derived  from  the  sacral 
and  hypogastric  plexuses,  and  from  many  ganglia,  ac- 
cording to  Lee,  in  the  impregnated  organ.  The  uterus 
is  said  to  have  increased  24  times  in  size  at  the  end  of 
pregnancy.  Its  arteries,  after  this  state  had  terminated, 
but  before  they  had  undergone  much  reduction,  are  here 
represented.  The  external  organs  are  described  in  the 
anatomical  treatises  of  Harrison,  Ledwich,  Gray,  &c. 

Menstruation  is  the  occurrence  which  usually  marks 
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the  aptitude  for  impregnation— but  a  few  cases  are  re- 
corded where  females  became  pregnant  although  the 
catamenia  never  appeared.    Between  the  14th  and  1.6th 


The  Vessels  of  the  Uterus  six  days  after  delivery. 

year  is  the  usual  period  for  their  commencement  in  this 
country ;  but  in  hot  climates,  and  in  girls  of  luxurious, 
idle  habits,  they  have  appeared  much  earlier.  Greater 
obesity,  enlargement  of  the  mammae  and  genitals,  and  the 
development  of  sexual  passion  mark  the  period.  Men- 
struation occupies  about  4  days,  returns  every  month,  and 
ceases  with  procreative  power  about  the  50th  year,  when 
what  is  termed  the  "  change  of  life"  occurs.  Menstrual 
blood,  if  obtained  from  the  uterus,  differs  but  little  from 
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ordinary  blood;  but  if  mixed  with  the  vaginal  fluids,  is 
acid,  dark  coloured,  and  fluid.  About  6  ounces  are 
poured  out,  but  no  fibrin  is  usually  present. 

The  analogy  of  menstruation  with  "  heat"  in  animals 
has  been  completely  demonstrated  of  late  years ;  but 
Cruikshank,  in  1797,  ascertained  that  an  ovum  was  dis- 
charged with  the  menstrual  fluid.  Shortly  after  the  oc- 
currence, sexual  desires  are  increased,  and  impregnation 
is  much  more  apt  to  occur.  The  catamenia  cease  during 
pregnancy  and  lactation,  and  occm-  at  very  irregular 
periods  in  many  females  who  are  sterile.  Each  discharge 
of  an  ovum  leaves  a  cicatrix  upon  the  ovary,  which  is 
termed  the  "  false  corpus  luteum,"  that  which  is  known 
as  "true"  occurring  in  pregnancy.  They  are  thus  con- 
trasted by  Dalton : 


Corpus  Luteum  of 
Menstruatiou. 


At  the  end  of 
three  weeks 
One  month, 


Two  monthSf 

Sis  months, 
Nine  months. 


Corpus  Luteum  of 
Pregnancy. 

Three-quarters  of  an  inch  in  diameter ;  central  clot 
reddish  ;  convoluted  wall  pale. 


Smaller;  convoluted  wall 
bright  yellow ;  clot 
still  reddish. 

Reduced  to  the  condition 
of  an  insignificant  ci- 
catrix. 


Absent. 


Larger ;  convoluted  wall 
bright  yellow ;  clot 
still  reddish. 
Seven-eighths  of  an  inch 
in  diameter ;  convo- 
luted wall  bright  yel- 
low ;  clot  perfectly 
decolorized. 
Still  as  large  ;  clot  fibri- 
nous ;  convoluted  wall 
paler. 

One-half  an  inch  in  dia- 
meter ;  central  clot 
converted  into  a  ra- 
diating cicatrix;  wall 
without  yellow  colour. 

The  existence,  however,  of  hematoidin  crystals,  or  of 
fatty  matter  to  which  the  yellow  colour  is  due,  affords 
evidence  of  the  corpora  lutea  for  a  much  longer  period. 


Absent. 
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The  changes  which  the  ovum  undergoes  after  impreg- 
nation have  been  necessarily  examined  only  in  the  lower 
animals.  The  time  which  elapses  between  impregnation 
and  the  escape  of  the  ovum  into  the  Fallopian  tube 
varies  much,  being  sometimes  but  a  few  hours,  and  in 
the  deer  being  four  months,  according  to  Pockels.  The 
cells  of  the  membrana  granulosa  become  club-shaped  and 
radiated  round  the  ovum  as  it  leaves  the  ovary,  and  dis- 
appears as  it  enters  the  uterus.  While  passing  through 
the  Fallopian  tube  the  ovum  enlarges,  loses  its  vitelline 
membrane,  and  gets  a  covering  from  the  mucous  surface 
which  is  developed  iuto  the  chorion. 

The  yolk  undergoes  remarkable  rotation  by  means  of 
cilia,  and  then  becomes  divided  by  dichotomous  cleavage 
into  many  cell-like  bodies  with  a  light  centre.  After 
this  segmentation,  and  about  the  time  the  ovum  enters 
the  uterus,  the  germinal  membrane,  or  blasdodermic 
vesicle  of  Bischoff,  forms  within  the  zona  pellucida. — 
From  the  surface  of  this  membrane,  at  a  spot  termed  the 
**area  germinitiva,"the  embryo  becomes  developed — the 
nervous  system  and  organs  of  animal  life  from  its  outer 
surface,  and  the  digestive  and  other  vegetative  organs 
from  its  inner.  These  two  surfaces  are  called  respec- 
tively the  serous  layer  and  the  mucous  layer. 

The  Decidua  is  meanwhile  forming  in  the  uterus  by 
an  alteration  in  its  tissue,  as  Sharjmj  believes,  assuming 
a  soft,  thick,  and  vascular  condition.  Into  this  the  ovum 
and  its  chorion  become  firmly  set.  On  its  surface  are 
many  openings  of  tubular  glands  which  dip  into  the 
uterine  wall,  and  which  receive  the  tufts  of  the  chorion. 
Tho  ovum  becomes  covered  by  the  *' decidua  reflexa," 
which  Hunter  described  as  pushed  before  the  ovum  as  it 
left  the  Fallopian  tube,  the  mouth  of  which  he  stated  was 
subsequently  closed  by  the  "  decidua  serotina."  If  the 
decidua  be  an  altered  state  of  the  mucous  membrane  of 


410 


THE  IMPREGNATED  OVUM. 


the  uterus,  this  view  cannot  be  correct.  Both  decidua 
vera  and  reflexa  incorporate  about  the  3rd  month,  and 
are  expelled  at  parturition. 

The  tufts  of  the  chorion  next  accumulate  at  the  side  of 
the  ovum  next  the  decidua  vera,  and  here  form  the  pla- 
centa, by  which  the  human  foetus  and  that  of  other  pla- 
centalia  derive  blood  in  the  later  months  of  utero-gesta- 
tion.  According  to  Goodsir,  the  following  structures 
separate  the  maternal  and  foetal  blood — the  wall  of  the 
venous  sinus,  a  thin  layer  of  decidua,  a  stratum  of  fluid, 
the  cells  and  membrane  at  the  end  of  the  tufts,  and  the 
walls  of  the  foetal  capillaries. 


The  Embryo  and  its  Coverings. 
a,b.  Embryo,  c.  Vitelline  membrane-  d.Yolk.  e.  Umbilical  duct.  .f,g.  .Amnion, 
h.  Point  of  union  of  cephalic  and  caudal  involucra.  i.  Cavity  fiUed  tmth 
liquor  amnii.    I.  Urachus.    m.  Allantois.    o,  p.  Chorion. 

To  return  to  the  ovum,  Bischoff  found  that  of  the  dog 
about  3  lines  long,  and  half  as  vsdde  between  the  12th 
and  16th  days.  The  area  germinativa  becomes  sur- 
rounded by  a  less  clear  space,  termed  the  area  vasculosa, 
and  in  it  appears  the  first  trace  of  the  embryo  as  the 
"  primitive  streak."  The  edges  of  this  groove  are  termed 
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the  "  dorsal  lammas,"  and  they  rise  up  and  arch  together 
to  form  the  spinal  canal.  Two  "ventral  laminae"  also 
project  downwards  and  enclose  the  viscera.  The  ante- 
rior or  cephalic  end  of  the  embryo  enlarges,  and  three 
vesicles,  the  rudiments  of  the  brain,  become  apparent. 
About  24  hours  after  the  formation  of  the  primitive 
streak  the  amnion  begins  to  form,  and  soon  contains 
hquor  amnii  which  bathes  the  embryo.  The  amnion 
is  continued  along  the  cord  to  the  integument  of  the 
embryo. 

The  relations  of  the  embryo  and  its  coverings  will  be 
understood  from  a  careful  study  of  the  annexed  figures. 
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The  liquor  amnii  flows  into  the  oesophagus  and  trachea 
of  the  foetus.  It  is  a  yellowish  acid  fluid  containing 
chloride  of  sodium  and  other  salts,  a  trace  of  albumen, 
urea,  and  casts  of  the  uriniferous  tubes,  which  prove 
that  the  foetal  urine  is  poured  into  this  fluid.  The  um- 
bilical vesicle  is  very  small  in  the  human  embryo,  lying 
between  the  chorion  and  amnion,  its  duct  communicat- 
ing with  the  intestine,  but  it  disappears  early. 

The  AUantois  is  a  sac  formed  on  the  front  of  the 
lower  end  of  the  embryo.  It  holds  the  secretion  of  the 
Wolffian  bodies  and  conducts  the  umbilical  vessels  to 
the  placenta,  and  disappears  as  soon  as  they  unite  to  it. 
The  allentoic  fluid  contains  chlorides,  lactates,  and  phos- 
phates, and  a  peculiar  substance,  analogous  to  uric  acid, 
termed  allantoin. 

The  development  of  the  most  important  organs  and 
tissues  have  been  before  alluded  to,  but  here  the  Wolffian 
body  may  be  noticed.  It  is  an  oval  body  which  lies  in 
front  of  the  kidney  and  supra-renal  body,  being  so  large 
as  to  conceal  them.  Several  tubes  exist  in  them  which 
secrete  a  fluid,  poured  by  a  duct  into  the  sinus  urino- 
genitalis,  or  foetal  cloaca.  They  act  as  temporary  kid- 
neys and  disappear,  with  •  the  exception  of  the  paro- 
varium— a  tubular  mass  in  the  hilus  of  the  ovary — and 
the  organ  of  Giraldes,  above  the  testis,  which  Kobelt  has 
proved  may  become  the  seat  of  encysted  hydrocele. 

The  Umbilical  Cord  connects  the  foetus  and  the  pla- 
centa, and  is  covered  by  the  amnion.  It  contains  a 
soft,  protective  structure,  which  Wharton  described,  in 
1659,  as  gelatin,  but  which  has  a  beautiful  cellular  ar- 
rangement like  the  vitreous  body ;  one  umbilical  vein 
carrying  blood  from  the  placenta,  and  two  umbihcal 
arteries  returning  it ;  the  urachus,  or  remains  of  the  al- 
lantois  ;  the  omphalo- enteric  duct ;  and  the  omphalo- 
mesenteric vessels. 

The  Foetal  Circulation  may  be  here  briefly  sketched. 
The  umbilical  vein  (1)  carries  pure  blood  from  the  pla- 
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centa  and  enters  the  foetus  through  the  navel,  runs  to 
the  liver,  and  divides  into  branches  to  left  side  (2),  and 


1.  Umbilical  vein. 

2.  Its  left  division. 

3.  Vena  portcB. 

4.  Ductus  venosus. 

5.  Hepatic  veins. 

6.  Vena  cava. 

8.  Arch  of  aorta. 

9.  Descending  aorta. 

10.  Superior  vena  cava. 

11.  Right  ventricle. 

12.  Pulmonary  artery. 

13.  Ductus  arteriosus. 

1 4 .  Bifurcation  of  aorta. 

15.  lliacs  ending  in  urrMi- 

cal  arteries. 


The  Foetal  Circulation. 

one  to  the  right,  which  joins  the  porta  (3),  as  has  been 
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explained  at  page  183.   The  blood  is  then  carried  by  the 
ductus  venosus  (4),  to  the  left  vena  cava  hepatica  (5), 
and  henceforward  it  is  mixed.   The  cava  (6)  brings  it  to 
the  right  auricle,  but  directed  by  the  Eustachian  valve 
and  tubercle  of  Lower,  it  passes  through  the  foramen 
ovale  to  the  left  auricle.    From  this  cavity  it  enters  the 
left  ventricle,  and  is  thence  propelled,  through  the  aorta 
(8)  to  the  head,  neck,  and  upper  extremities,  and  re- 
turning by  the  superior  cava  (10)  to  the  right  auricle,  it 
decussates  the  current  fi'om  the  inferior,  according  to 
Sebatier ;  but  Winsloiv  believed  that  the  two  kinds  of 
blood  were  here  intimately  mingled.    Leaving  the  right 
auricle  a  second  time,  it  passes  to  the  right  ventricle 
(11),  which  forces  it  through  the  pulmonary  artery  (12), 
a  little  being  distributed  for  nutrition  to  the  lungs,  but 
the  main  bulk,  entering  the  ductus  arteriosus  (13),  passes 
into  the  aorta  below  the  branches  which  are  sent  to  the 
upper  part  of  the  body.    As  the  two  ventricles  contract 
synchronously,  the  purer  blood  in  the  aortic  arch  is 
prevented  from  passing  to  the  lower  part  by  the  cmTent 
entering  through  the  ductus  arteriosus.    The  blood  is 
returned  to  the  placenta  by  the  two  umbilical  arteries 
(15)  which  come  off  from  the  iliac.    The  foetus  is  then 
supplied  with  but  partially  aerated  blood,  and  for  this 
reason,  as  well  as  the  non-development  of  the  cerebro- 
spinal functions,  it  has  been  placed  lower  in  the  scale  of 
animals  than  the  mature  creature  ;  Bichat  oddly  con- 
sidered it  to  rank  with  the  invertebrates. 

The  human  foetus  is  carried  about  280  days,  when  the 
womb  becomes  excited  to  expel  its  contents  by  the  acces- 
sion of  the  tenth  menstrual  period,  the  ovarian  nerves 
being  excito-motor,  and  the  uterine  reflecto-motor.  By 
successive  pains,  or  uterine  contractions,  aided  by  the 
abdominal  muscles,  the  membranes  are  forced  through 
the  vagina,  and,  bursting,  discharge  the  liquor  amnii. 
The  head  is  usually  the  first  part  born,  the  body  soon 
following.   Shortly  after,  the  placenta,  decidua,  chorion. 
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and  amnion  are  thrown  off,  constituting  the  "after- 
birth." The  muscular  contraction  of  the  uterus  pre- 
vents any  considerable  hsemorrhage,  and  that  organ,  by 
the  fatty  degeneration  of  its  tissue,  slowly  returns  to  its 
former  size,  after  the  wonderful  process  in  which  it  has 
taken  so  important  a  part. 

CYCUCAL  CHANGES — INFANCY,  MATURITY,  OLD  AGE, 

DEATH. 

With  birth  the  developmental  changes  are  by-  no 
means  over,  for  man  is  slowest  of  all  animals  in  attain- 
ing maturity.  The  average  weight  of  the  infant  body  is 
6  pounds,  the  upper  part  of  the  body  much  exceeding 
the  lower  in  proportional  size.  The  relative  weight  of 
organs  of  the  foetus  to  the  adult  are  given  as  follows  by 
Dalton,  on  the  standard  of  1,000  ; 


Foetus. 

Adult. 

Weight  of  entire  body  . . . 

1000-00  .. 

.  1000-00 

Encephalon 

148-00  .. 

28-00 

Liver 

37-00  .. 

29-00 

Heart  ... 

7-77  .. 

4-17 

Kidneys... 

6-00  .. 

4-00 

Supra-renals 

1-68  .. 

0-18 

Thyroid  

0-60  .. 

0-51 

Thymus ... 

3-00  .. 

0-00 

The  lungs  gradually  dilate,  while  the  ductus  arteriosus 
shrivels,  closing  first  at  its  aortic  end.  So  soft  and 
vascular  is  the  skin,  that  it  is  believed  to  aid  the  lungs 
as  a  respiratory  surface  shortly  after  birth.  The  unc- 
tuous matter,  or  vernix  caseosa,  which  prevented  the 
liquor  amnii  from  soaking  the  foetus,  and  the  soft  down 
or  lanugo  which  covered  it  are  removed.  We  have 
elsewhere  noticed  that  independent  calorific  power  is  not 
so  active  in  early  as  in  adult  life.  The  infant  sleeps  the 
greater  part  of  its  time,  the  function  of  innervation  and 
the  special  sense  endowments  slowly  developing.  The 
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nervous  acts  are  mainly  of  the  reflex  kind — a  remark 
which  applies  still  more  forcibly  to  convulsions  and 
some  frequ^ently  fatal  infantile  diseases. 

The  important  epochs  of  dentition  and  puberty  have 
been  before  alluded  to. 

The  hereditary  transmissiom  of  peculiar  characters  was 
believed  on  all  sides,  until  Buckle  lately  threw  much 
doubt  on  the  subject ;  but  the  transmission  of  disease, 
diathesis,  or  deformity  in  this  way,  of  which  every  prac- 
titioner must  have  evidence,  supports  the  opinion.  The 
influence  of  the  male  has  been  said  to  bear  more  upon 
the  apparatus  of  animal  life,  as  the  spermatozoa  do  not 
probably  reach  deeper  in  the  ovum  than  the  serous 
layer  of  the  germinal  membrane ;  while  the  mother  is 
more  apt  to  share  peculiarities  in  the  organs  of  vegetative 
life.  The  phenomena  of  atavism,  in  which  peculiari- 
ties will  appear  in  a  third  generation,  are  still  more 
strange ;  but  it  may  be  supposed  some  more  powerful 
tendency  quelled  the  peculiarity  in  the  intermediate 
generation. 

Old  Age  might  be  characterised  as  a  gradual  process 
of  dessication,  for  the  proportion  of  water  diminishes  in 
all  the  tissues,  and  rigidity  of  the  muscles  and  joints 
ensues.  To  the  same  cause  may  be  also  assigned  the 
obtuseness  of  the  organs  of  innervation  and  special  sense. 

Death  has  been  divided  into  somatic,  or  that  of  the 
body  at  large,  and  molecular — the  occurrence  of  rigor 
mortis  marking  the  distinction  between  them.  Life  has 
been  confessedly  hard  to  define,  and  a  corresponding 
difficulty  occurs  with  regard  to  death.  The  definition 
of  life  proposed  by  Beclard,  viz.,  "  organization  in  ac- 
tion," is  at  least  short  and  intelligible,  and  death  may 
be  similarly  defined  to  be  its  arrest  for  ever. 

As  Bichat  first  demonstrated,  the  heart,  lungs,  and 
brain  are  so  essential,  that  they  may  be  designated  "the 
tripod  of  life,"  and  death  may  begin  by  failure  in  func- 
tion of  any  one  of  these. 
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The  Heart  may  fail  suddenly — syncope  ;  or  gradually, 
asthenia.  The  former  is  usually  the  result  of  some  sud- 
den lesion  of  the  nervous  centres,  or  the  rapid  removal 
of  a  large  quantity  of  blood.  Violent  mental  emotions 
and  certain  poisons,  such  as  digitalis  and'  tobacco,  are 
supposed  to  act  similarly.  The  heart  is  found  usually 
fii'mly  contracted  after  death.  Exhausting  diseases,  as 
fevers,  peritonitis,  dysentery,  produce  death  by  asthenia, 
and  the  heart  is,  in  this  case,  found  flabby  and  soft. 

The  Lungs  may  fail  in  their  office,  and  hence  arises 
the  condition  known  as  asphyxia  or  apnoea  (see  p.  165). 

The  Brain  may  fail,  and,  as  a  consequence,  death  by 
coma  is  said  to  take  place  ;  but  in  many  instances  where 
the  medulla  oblongata  is  the  part  affected,  the  result 
assumes  the  form  of  asphyxia.  In  many  cases  death  is 
not  due  to  a  single  one  of  these  causes,  but  to  the  con- 
currence or  rapid  sequence  of  them  all. 

The  preceding  remarks  have  important  practical  ap- 
plications, for  in  diseases  of  uncertain  site — for  instance, 
fever — it  is  the  duty  of  the  physician  first  to  determine, 
and  then  to  strive  against  the  tendency  towards  each 
mode  of  death. 

Many  of  what  are  called  the  signs  of  death  are  equi- 
vocal ;  they  are  usually  enumerated  as  cadaveric  aspect 
of  the  face,  stoppage  of  the  circulatory  and  respiratory 
movements,  as  ascertained  by  the  stethoscope  ;  coldness, 
and  lividity  of  surface,  rigidity  of  i^auscles,  and  lastly, 
which  is  quite  infallible,  putrefactive  change. 

The  death  which  we  have  been  discussing  is  but  the 
death  of  the  Body  ;  for  to  the  Soul,  as  the  Christian  de- 
lights to  feel,  it  is  a  new  birth  to  a  glorious,  intermina- 
ble Future. 
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QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  Can  any  organic  form  be  generated  spontaneously  ? 

2.  Describe  the  structural  anatomy  of  the  testis,  and  compare 
it  with  that  of  the  kidney. 

3.  Say  what  you  know  of  spermatozoa. 

4.  Contrast  generative  capacities  in  the  sexes,  and  say  what 
changes  take  place  at  the  menstrual  period  in  woman, 

5.  What  evidence  of  impregnation  does  the  ovary  exhibit,  and 
contrast  it  with  the  appearance  dependent  on  menstruation  ? 

6.  "What  are  the  decidua  ? 

7.  Trace  the  foetal  cu'culation. 

8.  Wliat  covers  the  skin  of  the  new-born  child  ? 

SENIOR. 

1.  Sketch  out  the  sub-divisions  of  reproduction. 

2.  Explain  and  exemplify  alternation  of  generations,  partheno- 
genesis, and  the  origin  of  species  by  means  of  natural  selection. 

3.  Describe  the  muscular  and  erectile  structures  which  surround 
the  urethra. 

4.  Describe  the  unimpregnated  ovum,  and  state  the  changes 
which  occm*  after  impregnation  up  to  its  reaching  the  uterus. 

5.  What  immediately  surrounds  the  body  of  the  fcetus  ?  Detail 
its  compbsition  and  uses. 

6.  Describe  the  development  of  the  temporary  kidneys.  Does 
any  remains  of  them  ever  come  under  the  notice  of  the  surgeon  ? 

7.  Give  examples  of  hereditary  transmission,  and  explain  what 
is  meant  by  atavism. 

8.  Sketch  the  more  positive  signs  of  death,  and  how  has  it  been 
divided  according  to  the  organs  primarily  engaged  ? 
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Pathology,  the  science  of  disease,  is  either  General, 
including  such  important  morbid  conditions  as  those 
that  affect  the  circulating  fluid  or  the  great  textures  of 
the  body ;  or  Special,  of  which  the  former  alone  concerns 
us  here.  In  sketching  these  abnormal  physiological 
changes,  we  shall,  firstly,  discuss  those  of  nutrition ; 
secondly,  those  of  innervation  ;  and,  lastly,  those  which 
depend  on  the  invasion  of  some  foreign  being,  vegetal  or 
animal. 


So  important  are  the  pathological  conditions  of  the 
blood,  that  after  Galen's  time  it  was  supposed  that  in 
this  fluid  lay  the  essence  of  all  disease,  till  Baglivi, 
Cullen,  and  others  asserted  that  the  solids  were  the  ex- 
clusive seats  of  morbid  change.  Hence  arose  the  great 
doctrines  of  humoral  and  sohdistic  pathology,  between 
which,  we  shall  find,  the  truth  lies. 

Blood  diseases  consist  in  either  an  increase  or  decrease 
of  the  amount  of  the  circulating  fluid,  or  of  some  of  its 
constituents,  or  in  their  degeneration. 

Hyperemia,  or  plethora,  equally  signify  that  condition 
in  which  the  whole  mass  of  blood  is  excessive.  It  occurs 
in  persons  of  the  sanguine  temperament,  and  is  due  to 
increased  ingestion  of  nutriment  without  corresponding 
expenditure.  Amputations  were  formerly  said  to  be 
often  followed  by  plethora  ;  but  the  loss  of  blood  during 
the  operation,  and  the  constitutional  condition  of  the 
patient  when  it  is  now  performed,  render  such  an  event 
very  rare.  The  red-cells  are  especially  increased,  even 
to  the  amount  of  185  per  1,000,  giving  the  fluid  a  most 
florid  hue.  The  pulse  is  quick  and  strong,  the  vessels 
of  the  neck  are  full  and  throbbing,  and  there  is  great 
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liability  to  hemorrhages  and  inflammatory  diseases  

Low  regimen  (which  has  been  found  to  decrease  the 
proportion  of  red-cells  from  132  to  85  in  15  days)  and 
evacuants  are  plain  curative  indications;  moreover,  the 
production  of  any  suppuration — as  by  aseton,  or  mercu- 
rial purges,  which  stimulate  the  liver — are  most  effica- 
cious in  diminishing  the  red-cells. 

Anemia,  or  bloodlessness,  properly  means  decrease  of 
blood,  but  is  often  applied  to  the  condition  to  be  next 
described — in  which  the  red-cells  are  proportionally 
scanty,  though  other  constituents  are  in  normal  amount. 
It  is  usually  the  result  of  hemorrhage,  and  its  signs  and 
curative  indications  are  precisely  the  reverse  of  hypere- 
mia. I  have  lately  had  a  patient  who,  by  bleeding  piles, 
was  so  blanched,  that  there  was  no  difference  in  colour 
between  the  mucous  and,  cutaneous  surfaces  of  his  lips, 
and  the  blood  which  flowed  from  a  small  accidental 
wound  was  of  a  perceptibly  pale  hue.  When  loss  of 
blood  is  sudden,  the  operation  of  transfusion  is  advisable, 
and  any  sudden  alteration  in  the  position  of  the  body 
should  be  avoided.  Free  open  air  exercise,  abundant 
nutriment,  tonics,  and  chalybeates  are  clear  indications. 

Spanemia,  or  poor  blood,  a  term  applied  by  Simon, 
expresses  that  condition  in  which  the  red-cells  are  less 
numerous  than  they  are  normally.  It  is  best  seen  in 
chlorosis  (in  which  the  proportion  has  fallen  as  low  as 
27),  and  also  is  produced  among  our  more  wretched 
town  population  by  want  of  proper  food,  light,  or  venti- 
lation, and  by  the  action  of  mercury,  lead,  and  other 
poisons.  Mercury  especially  destroys  red-cells  by  sti- 
mulating the  liver  to  increased  action,  and  their  colour- 
ing matter  is  thrown  off  as  that  of  bile.  The  green 
stools  of  children,  while  taking  the  drug,  are  altered 
htematin.  Morbid  states  of  the  menstrual  function  are 
generally  connected  with  chlorosis.  Woman  forms,  while 
the  procreative  capability  lasts,  blood  both  for  her  own 
body  and  that  of  an  infant ;  so  that,  if  the  latter  be  not 
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consumed  by  the  demands  of  pregnancy  or  lactation,  it 
is  got  rid  of  by  the  uterine  surface  every  month.  If  the 
menses  are  retained  by  some  cause  which  is  very  often 
mechanical,  plethora  results,  and  is  reheved  by  the  estab- 
lishment of  some  vicarious  hemorrhage,  as  from  nose  or 
stomach.  Thus,  amenorrhoea  may  be  accompanied  by 
plethora,  but  is  much  oftener  attended  by  chlorosis,  the 
condition  of  blood  being  the  primary  one,  and  the  men- 
strual flow  stopping  because  there  is  no  blood  to  spare. 
Menorrhagia,  like  other  hemorrhages,  will  produce  ane- 
mia. The  pale,  greenish  hue,  with  lips  and  gums  almost 
as  bloodless  as  the  skin  ;  the  small  clot,  often  buflfy, 
owing  to  the  disproportion  between  the  fibrin  and  red- 
cells  ;  and  the  abundant  serum,  are  characteristic  of  chlo- 
rosis. Either  from  the  collapsed  state  of  the  vessels,  the 
thin  state  of  the  blood,  or  the  friction  of  its  shrivelled 
cells;  a  bruit  or  murmur  can  be  heard  as  it  passes 
through  the  superficial  veins.  Iron  is  almost  a  specific 
in  treating  spanemia,  raising  in  a  few  weeks  the  propor- 
tion of  red-cells  from  32  to  95  per  1,000. 

Hydremia,  or  watery  blood,  often  precedes  dropsy, 
being  accompanied  by  a  deficiency  of  albumen,  which, 
if  decreased  as  low  as  60,  will  allow  the  blood  to  ooze 
through  the  vessels.  Increased  ingestion  of  water  will 
not  produce  hydremia,  if  the  organs  of  secretion  are 
active.  In  Bright's  disease  the  loss  of  albumen  by  the 
kidneys  lowers  its  proportion  in  the  blood  and  leads  to 
dropsy.  In  one  case  Dr.  Bright  found  the  specific  gra- 
vity of  the  serum  but  1-013.  From  the  diminished  spe- 
cific gravity  the  red-cells  distend,  and  may  rupture,  pro- 
ducing patches  of  ecchymosis ;  and  to  some  such  change 
has  been  attributed  death  after  copious  draughts  of 
water.    The  clot  is  loose  and  jelly-like. 

Anhydremia,  or  deficiency  of  "water,  is  a  term  which 
might  be  applied  properly  to  the  state  of  blood  in  cho- 
lera. Its  specific  gravity  has  been  found  1-070,  and 
that  of  its  serum  1-045.  '  The  blood  is  viscid  and  pitchy 
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black,  all  the  solids  except  salts  being  in  excess,  some- 
times doubled — having  in  one  case  reached  the  propor- 
tion of  -520.  Urea  abounds  in  the  blood,  as  it  cannot 
move  through  the  Malpighian  capillaries  ;  and  there  is 
said  to  be  a  peculiar  ferment  which  converts  it  into  car- 
bonate of  ammonia.  The  transfusion  of  solutions  of 
salts,  as  proposed  by  Stevens,  renders  the  blood  more 
scarlet,  and  decreases  its  spissitude  for  a  time.  Dysen- 
tery is  also  said  to  diminish  the  water  considerably. 

Leucocythemia  is  the  name  applied  by  Prof.  Bennett 
to  a  condition  of  blood  in  which  the  white-cells  exceed 
their  normal  amount,  and  which  he  was  the  first  to  re- 
cognize, in  March,  1845.  Six  weeks  afterwards,  Virchow 
described  the  disease  under  the  less  accurate  term  of 
leucemia.  In  1850,  Bennett  first  diagnosed  the  disease 
during  the  life  of  the  patient,  and  obtained  blood  for  mi- 
croscopical examination  by  pricking  the  finger,  and  its 
appearances  are  here  depicted.  In  extreme  cases  the 
white  have  been  found  to  exceed  the  red-cells  in  num- 
ber.  Analysts  allow  that  there  is  no  way  of  separating 

the  white-cells  from  the  fibrin,  and 
we  have  before  alluded  to  their 
probable  identity.  In  this  case 
the  blood  consisted  of 

Water    ....  854-5 
Fibrin   ....  6 
Red-cells    ...  67-5 
Serum  soUds  .    .  72 


1000-0 

White-cells,  and  red-cells  ad-     rpj^g  most  remarkable  feature  of 

herent,  in  the  case  here  ■     .^  j. 

mentioned.  the  discasc  IS  the  great  enlarge- 

ment of  the  ductless  glands— a  fact  which  points  plainly 
to  their  action  in  sanguification.  The  spleen  has  been 
found  to  weigh  over  9tbs.,  and  the  thyroid,  suprarenals, 
intestinal  gland-cells,  and  lymph  glands,  have  been  found 
enlarged,  solt,  and  filled  with  abundant  juice.  Prof.  Ben- 
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nett  remarks — "  In  certain  hypertrophies  of  the  lym- 
phatic glands  in  man,  their  cell  elements  are  multiplied 
to  an  unusual  extent,  and  under  such  circumstances  find 
their  way  into  the  blood,  and  constitute  an  increase  in 
the  number  of  its  colourless  cells.  A  corresponding  di- 
minution in  the  formation  of  free  nuclei,  and  conse- 
quently of  coloured  corpuscles,  must  also  occur.  This 
is  leucocythemia.  As  regards  treatment,  nothing  that 
I  have  yet  tried  has  appeared  to  be  of  the  slightest  ser- 
vice in  well-marked  cases  of  leucocythemia,  associated 
with  distinct  glandular  enlargements."  In  the  best 
marked  case  of  leucocythemia  I  have  ever  met — the 
patient  being  a  farmer,  whom  I  saw  in  consultation  with 
Dr.  Davys — the  peculiar  state  of  the  blood  and  the 
glandular  increase  followed  upon  pleural  effusion,  which 
completely  collapsed  one  lung.  Death  is  usually  pre- 
ceded by  great  passive  hemorrhages. 

Hyperfihrinosis  seems  preferable  of  the  many  terms 
which  have  been  applied  to  an  increase  of  fibrin  in  the 
blood.  The  term  hyperinosis  is  synonymous,  and  the 
condition  has  been  named  by  some  pathologists  "  he- 
matitis,"  or  inflammation  of  the  blood.  The  specific 
gravity  is  lowered,  owing  to  the  relative  diminution  of 
red-cells,  which  are  the  heaviest  element  of  the  blood. 
They  often  form  into  piles  or  rouleaux,  as  represented 
at  page  107,  and  so  produce  a  mottled  appearance  in  a 
thin  film,  as  Hunter  noticed.  It  is  more  highly  oxyge- 
nated, and  to  this  may  be  due  the  high  temperature  of 
it,  which  has  attained  112''.  However,  the  character- 
istic feature  is  increase  of  fibrin,  or  white  corpuscles — 
which  I  am  confident  further  pathological  investigations 
will  prove  to  be  identical.  This  increase  is  shown  by 
greater  viscidity  of  the  serum  and  the  slowness  of  co- 
agulation, producing  a  clot  which  forms  the  bufiy  coat 
on  its  surface ;  and  under  this  nearly  always  lies  a  layer 
of  white-cells,  which,  owing  to  the  exclusion  of  oxygen, 
have  not  undergone  conversion  into  fibrin.    The  causes 
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of  hyperfibrinosis  are  most  various — thus  inflammations, 
especially  of  such  organs  as  are  freely  supplied  with 
lymphatics — lung,  liver,  &c. — Virchoiv  has  shown,  vastly 
augment  the  amount  of  fibrin,  even  to  the  proportion  of 
13-3,  while  phrenitis  scarcely  produces  any  such  effect. 
Rheumatic  fever  is  well  known  to  produce  similar  in- 
crease, because  it  is  an  inflammation  of  parts  freely 
supplied  with  lymphatics — or,  as  it  occurs  to  me,  the 
fibrin  is  not  removed  from  the  blood  to  repair  muscular 
waste,  almost  complete  immobility  existing.  Disease 
produced  by  animal  poisons,  as  the  eruptive  fevers,  are 
often  attended  by  this  increase  of  fibrin  in  their  ac- 
cession. 

Hyperfibrinosis  may  be  produced  artificially  by  making 
animals  breathe  more  oxygen  while  at  rest ;  but  if  active 
exercise  be  taken,  the  excess  is  got  rid  of.  This  and 
other  facts  have  led  Dr.  Gairdner,  Professor  of  Medicine 
in  Glasgow  University,  to  believe  that,  as  regards  the 
blood,  "  oxygenation  and  fibrillation  are  identical."  Its 
more  frequent  deposition,  as  valvular  clots  on  the  left 
side  of  the  heart,  is  explained^  by  these  facts.  The  oc- 
currence of  rigors  in  the  beginning  of  inflammations  has 
been  explained  by  the  abstraction  of  oxj'gen  to  convert 
albumen  into  fibrin  producing  a  loss  of  heat ;  and  their 
recurrence,  if  suppuration  follows,  to  still  more  of  that 
element  being  required  to  form  the  more  highly  oxidised 
compound  which  pus  contains.  Fibrin,  but  of  an  in- 
ferior character,  is  abundantly  produced  in  the  blood  in 
tuberculosis  and  cancer,  as  will  be  hereafter  mentioned. 
Neutral  salts,  which  pi'eserve  the  fluidity  of  the  fibrin, 
and  such  oxidising  agents  as  chlorate  of  potash,  or  per- 
manganate of  potash,  which  is  w^ell  worthy  of  trial,  are 
indicated  in  cases  of  hyperfibrinosis. 

To  the  condition  in  which  the  proportion  of  fibrin  is 
decreased,  or  in  which  it  is  even  absent,  the  term  hypi- 
nosis  or  afibrinosis  is  applied ;  but  as  such  is  seldom  the 
only  pathological  change,  its  separate  consideration  may 
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be  scarcely  necessary.  Wedl  regards  it  as  identical  with 
the  state  he  describes  as  "  albuminosis."  The  blood 
scarcely  clots  owing  to  the  superabundance  of  ammonia, 
for  Simo7i  always  found  the  blood  alkahne,  and  there 
could  be  found  no  fibrin  but  carbonate  of  ammonia  in 
one  case  of  putrid  fever.  It  is  frequently  a  result  of  the 
introduction  of  the  paludal  or  malarious  fever  poison, 
having  been  lowered  to  the  proportion  of  0*9  in  cases 
where  recovery  afterwards  took  place.  Deficiency  of 
fibrin  has  been  also  discovered  in  cases  of  hemorrhagic 
diathesis — a  peculiarity  which  is  often  hereditarily  trans- 
mitted— typhus,  mania,  and  some  other  diseases,  espe- 
cially those  which  impede  respiratory  action  ;  and  like- 
wise in  that  morbid  state,  cyanosis,  which  is  usually 
congenital,  the  blood  is  almost  entirely  venous  and  con- 
tains fibrin  very  scantily. 

As  to  the  morbid  variations  which  the  proportion  of 
salts  undergoes,  we  know  but  little.  Their  proportion 
has  been  found  very  low  in  inflammations,  thereby  tend- 
ing to  produce  the  coagulation  of  the  blood  within  the 
vessels  which  is  characteristic  of  that  process,  and 
greatly  increased  in  typhus — producing  the  opposite 
effect.  Scurvy,  and  perhaps  purpura,  are  due,  according 
to  Dr.Aldridge — and  the  remark  was  confirmed  by  Gar- 
rod — to  a  deficiency  of  potash  salts  ;  hence  tbe  efiicacy 
of  uncooked  vegetables,  lime  juice,  fresh  meat,  &c.,  in 
preventing  or  relieving  those  diseases.  My  former  pupil, 
Dr.  D.  Walker,  of  the  late  Arctic  expedition,  informs 
me  that  the  juice  or  blood  of  meat  seemed  to  possess, 
mainly,  the  prophylactic  properties.  It  was,  therefore, 
always  given  underdone.  [See  page  55,  and  also  my 
"  Lectures  on  Public  Health,"  where  I  have  also  dis- 
cussed the  connexion  of  a  want  of  phosphorus  and 
scurvy.]  This  theory  of  deficiency  of  potash  salts  has 
been  much  opposed,  and  i's  at  variance  with  the  valu- 
able analyses  of  Mr.  Busk,  who  found  the  salts  increased 
fi-om  6-8  (the  normal  proportion)  to  9-5,  10-9,  and  11-5, 
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in  3  cases  of  scurvy.  The  extravasation  of  blood  which 
occurs  is  generally  attributed  to  a  thin  state  of  the 
blood  (the  hematin  of  which,  according  to  some,  is  alone 
eflfused),  but  may  be  due  to  some  weakened  or  ill- 
nourished  state  of  the  capillary  vessels.  The  earthy 
salts  have  been  found  diminished  in  proportion  in  cases 
of  rachitis  ;  and  in  old  age  they  have  been  supposed  to 
be  removed  from  the  bones  and  carried  to  the  vascular 
and  fibrous  tissues,  producing  calcareous  degeneration 
and  chronic  rheumatism,  the  pain  of  which  is  thus  ac- 
counted for. 

The  effects  resulting  from  increasing  the  specific 
gravity  of  blood  by  adding  to  it  crystalloids — such  as 
saline  substances  and  sugars,  or  bodies  that  act  like 
crystalloids,  specially  alcohol — have  been  demonstrated 
by  Dr.  Bichardson,  of  London,  who  maintains  that  cata- 
ract arises  from  increased  specific  gravity  of  blood,  and 
that  cirrhosis  of  the  liver  is  purely  a  physical  change 
produced  from  a  similar  modification  of  blood. 

Fatty  matter  may  be  excess  in  the  blood,  and  is  de- 
noted by  the  opalescence  of  the  serum,  and  has  been 
said  to  attain  the  proportion  of  117.  This  condition 
has  been  found  to  precede  the  pathological  state  termed 
fatty  degeneration,  which  will  be  presently  noticed.  The 
normal  amount  of  fat  in  the  blood  is  said  to  be  de- 
creased in  phthisis. 

Cholemia,  or  the  condition  of  the  blood  in  jaundice, 
may  result  from  —  1.  A  superabundant  formation  of 
the  materials  of  bile,  or  their  being  received  into  the 
blood  in  excess.  2.  A  failure  in  the  action  of  the 
bile-secreting  cells  of  the  liver.  3.  An  obstruction  to 
the  discharge  of  the  bile  through  its  ducts,  followed  by 
the  re-absorption  of  some  of  its  constituents  into  the 
circulating  fluid.  The  serum,  bufiy  coat  if  formed,  all 
the  secretions,  and  many  of  the  tissues  become  stained 
by  the  biliphoein.  Cholesterin,  cholic  acid,  leucin,  and 
tyrosin  have  been  detected  in  the  blood.    The  kidney, 
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for  a  long  time,  staves  off  injurious  effect,  for  by  ex- 
creting urophoein,  purpurin,  and  other  highly  carbona- 
ceous materials,  its  office  is  somewhat  vicarious  to  the 
liver.  Much  more  formidable  symptoms  follow  the  non- 
secretion  than  the  reabsorption  of  bile.  The  remarks 
on  the  functions  of  the  liver  we  have  previously  made, 
may  be  now  advantageously  referred  to. 

Another  retained  matter,  urea,  gives  rise  to  that  very 
frequent  state  of  blood,  uremia — which  has  been  before 
briefly  discussed  when  treating  of  the  physiology  and 
pathology  of  the  kidney — the  organ  by  defect  of  which 
its  retention  ensues.  Glycemia,  or  the  increase  of  sugar 
in  blood,  has  been  also  described  in  the  same  section. 
Again,  evidence  is  every  day  accumulating  that  gout, 
rheumatism,  cutaneous  eruptions,  and  many  other  diseases 
are  due  to  failure  of  some  excretion  from  the  blood. 

Pyemia  was  the  name  applied  to  the  entrance  and 
diffusion  of  pus  through  the  blood  ;  but  as  white  blood- 
cells  and  pus- cells  are  indistinguishable,  it  is  now  very 
generally  believed  they  have  been  mistaken  for  each 
other.  In  this  way  were  accounted  for  the  disappearance 
of  abscesses,  their  metastatic  discharge  by  the  kidney  or 
bowels,  or  the  sudden  deposit  of  pus  in  the  lungs,  liver, 
joints,  and  other  places.  However,  from  the  size  of  the 
cells,  pus,  as  such,  can  never  be  absorbed,  but  it  may 
disappear  by  either  of  the  following  methods — the  liquor 
puris  may  be  absorbed  and  the  cells  may  concrete  into 
an  almost  soHd  mass  of  cheesy  matter,  found  in  dried 
up  abscesses,  strumous  glands,  and  tubercle,  which,  ac- 
cording to  Reinhardt,  is  in  this  way  formed,  and  is 
always  the  result  of  inflammatory  action.  The  second 
method  in  which  that  fluid  may  be  removed  is  by  fatty 
degeneration,  in  which  the  pus  cells  break  up,  and  a 
fatty,  saccharine,  and  albuminous  fluid,  aptly  compared 
to  milk,  results,  and  which  may  be  afterwards  completely 
absorbed.  The  veins  have  been  thought  to  be  so  ready 
a  channel  for  the  transmission  of  pus,  that  phlebitis  and 
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pyemia  have  been  considered  almost  synonymous  terms, 
and  the  lymphatics  were  also  supposed  to  carry  that 
fluid  ;  but  the  fact  of  mineral  substances  used  in  tattoo- 
ing the  arm,  and  the  matters  of  cancer  and  s^^philis 
being  arrested  in  their  glands,  renders  this  latter  hypo- 
thesis improbable.  When  the  so-called  pus  is  found  in 
veins,  it  always  Hes  in  the  centre  of  blood-clots. 

I  shall  quote  the  opinions  of  Morgogni — an  ancient 
but  surprisingly  accurate  pathologist.  In  his  book, 
'*  De  Sedibus  et  Causis  Morborum,"  he  says  wounds 
and  blows  upon  the  head  "give  origin  to  the  generation 
of  a  much  more  copious  pus  than  what  is  carried  thither ; 
which  generation  is  shown  by  those  rigors  and  horrors. 
And  by  this  means  we  may  also  conceive  how  it  is 
that  much  more  pus  is  frequently  found  in  the  viscera 
and  cavities  of  the  bodies  than  a  small  wound  could  have 
produced." 

The  lymphatic  glands,  or  the  organs  which  make  the 
white-cells,  are  known  to  increase  much  during  preg- 
nancy, and  they  fill  the  blood  with  numerous  white-cells 
or  much  fibrin,  a  fact  which  may  account  for  the  readi- 
ness with  which  the  then  so-called  pyemia  is  excited,  and 
for  the  fatality  of  scarlatina  and  other  zymotic  poisons 
if  they  attack  women  in  this  condition.  Suppuration  in 
joints,  serous  cavities,  and  other  distant  places  in  cases 
of  phlebitis,  seems  to  be  the  combined  result  of  local  in- 
flammation and  abundance  of  corpuscular  fibrin  in  the 
blood. 

Thrombosis  is  the  name  applied  by  YircJiow  to  that 
condition  in  which  clots,  often  with  a  puriform  interior, 
form  in  the  heart  or  blood-vessels ;  and  the  portions  of 
these  which  may  become  detached,  and  block  up  other 
vessels,  are  named  emboli.  These  emboli  may  entirely 
occlude  the  vessel ;  or  if  they  have  entered  the  pulmonary 
artery,  as  they  most  frequently  do,  they  may  cause 
asphyxia,  or  may  be  impelled  onwards  into  the  capilla- 
ries of  the  lungs,  and  there  excite  limited  spots  of  in- 
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flammation.  The  blood  has  been  found  to  have  an  acid 
reaction  in  some  of  these  cases.  The  whole  subject  of 
embolism,  and  its  connexion  with  cerebral  softening, 
apoplexy,  pneumonia,  gangrene,  and  some  forms  of 
sudden  death,  is  full  of  interest ;  but  to  treat  of  it  here  at 
greater  length  would  be  to  trespass  on  the  domain  of 
special  pathology. 

One  of  the  best  accounts  of  the  subject  in  our  language 
may  be  found  in  a  lectui'e  of  Mr.  Richardson's,  "Medical 
Press,"  March,  1863,  from  which  the  following  illustra- 
tions are  borrowed.    The  first  represents  the  superior 


Thrombosis  of  the  Superior  Longitudinal  Sinus-the  right  cerebral  hemisphere 

atrophied  ( Mayne). 

longitudinal  sinus,  the  seat  of  thrombosis— a  clot,  and 
apparently  purulent  fluid  occupying  the  cavity,  as  re- 
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corded  by  the  great  physician  Br.  Mayne,  before  the  Pa- 
thological Society  of  Dublin.  The  next  shows  the  dilated 


Dilated  state  of  Superficial  Veins  from  thrombus  in  right  innominate  vein. 

state  of  the  superficial  veins  which  ensued  fi-om  phlebitic 
obstruction  of  the  innominate  vein  ;  and  the  two  suc- 
ceeding, after  Virchow,  the  mechanism  of  the  process  of 
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thrombosis.  The  spanemic  effects  of  mercury  seem  to 
contra-indicate  its  employment  in  these  affections. 


A  Vennus  Trunk  and  t  wo  of  its  branches,  the  seat  of  tfii-ombosii. 

c,  e.  Thrombi,  t.  Vennus  trunk,  v.  Thrombus  becoming  detached  by  the  cur- 
rent, to  become  wedged  in  mall  vessels,  and  produce  obstruction  or  metas- 
tatic deposits. 


Splenic  Vessels  with  Thrombi  (e,  e,  e)  impacted  in  the  capilliaries. 

Toxemia  implies  that  condition  of  blood  which  results 
from  the  introduction  of  a  morbid  poison — especially 
those  of  animal  origin,  as  scarlatina,  syphilis,  glanders, 
hydrophobia  ;  and  the  consequent  diseases  are  among 
those  grouped  together  by  the  Registrar- General  as 
zymotic.  They  differ  widely  from  ordinary  minei'al  or 
vegetal  poisons,  in  acting  in  extremely  minute  quan- 
tity and  scarcely  in  proportion  to  the  dose,  and  in  mul- 
tiplying themselves  enormously  by  zymosis  or  fermenta- 
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tion  in  the  blood,  so  that  they  seem  to  exhaust  all  fer- 
mentable material,  and  never  again  can  be  developed 
in  the  same  individual.  To  this  statement,  aceording  to 
recent  pathologists,  syphilis  seems  not  to  be  an  exception. 
They  are  communicable  in  the  solid,  liquid,  or  gaseous 
form,  and  they  all  seem  to  have,  like  most  of  the  mineral 
and  vegetal  poisons,  some  special  seat  whereupon  they 
fix  when  inoculation  has  taken  place. 

The  following  facts  may  be  regarded  as  proof  that 
fermentation,  or  putrefaction,  and  the  zymotic  process 
in  many  diseases  are  analogous.  Decomposing  human 
tissue  gives  rise  to  most  serious  blood  poisoning,  which 
may  be  also  excited  by  putrescent  sausages  and  other 
animal  foods.  Many  anti-septics,  such  as  the  sulphites 
and  pyroligneous  acid,  check  the  progress  of  blood- 
poisoning  ;  and  lastly,  ammonia — that  constant  product 
of  animal  decomposition — is  always  found  in  the  effluvia, 
and  combined  as  the  ammonio-phosphate  of  magnesia 
occurs  in  the  stools  of  typhus,  one  of  the  most  decided 
of  these  zymotic,  diseases. 

So  rapid  and  immense  is  the  generation  of  these 
poisons,  that  they  have  been  supposed  to  be  due  to  infi- 
nitely minute  parasitic  animals  or  plants  introduced  into 
the  blood,  in  which  they  re-produce  their  kind.  That 
beings  can  exist  in  this  fluid  is  proved  by  the  presence 
of  the  animalcule  distoma  hoematobium ;  and  Dr.  Good- 
fellow  discovered  thread-like  animalcules  from  to 
5^  in  length  in  the  blood  of  a  fever  patient.  Although 
the  chemical  or  fermentation  theory  of  morbid  poisons 
propounded  by  Liebig  is  as  yet  crude  and  unsupported, 
there  is  little  doubt  but  that  that  most  useful  of  the 
sciences  auxiliary  to  medicine,  organic  chemistry,  will 
yet  discover  their  nature  and  properties.  That  it  is 
upon  what  are  called  "  extractives"  they  mainly  act,  is 
argued  as  follows  by  Mr.  Simon,  the  Medical  Officer  of 
the  Privy  Council,  in  his  admirable  Lectures  on  Patho- 
logy:" 
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"For,  in  the  first  place,  they  are  matters  already  in 
progress  of  decay,  and  therefore  eminently  susceptible  of 
new  modification  ;  in  the  second  place,  they  are  inessen- 
tial to  the  nutritive  processes,  and  that  removal  of  them 
from  the  system  which  would  give  immunity  from  re- 
infection might  be  accomplished  without  withdrawing  a 
vital  ingredient  from  the  blood ;  in  the  third  place,  only 
of  such  matters  as  these  can  it  be  said  that  some  of 
them  occur  but  once  in  life.  In  infancy,  in  early  age, 
and  till  puberty,  there  are  certain  waste  materials  which 
never  afterwards  occur ;  the  temporary  cartilages  have  to 
waste  away,  the  thymus  gland  has  to  decay,  peculiar 
changes  referable  to  the  sexual  system  have  to  be  ac- 
complished, and  the  effete  products  of  these  changes 
have  to  be  eliminated  from  the  system.  And,  fourthly, 
notice  that  the  surfaces  and  organs  most  prone  to  affec- 
tion in  the  diseases  under  consideration  are  those  which 
are  eliminative  and  defecating  ;  those  whose  normal  pro- 
ducts can  hardly  be  retained  for  any  time  within  the 
body,  much  less  out  of  it,  without  undergoing  a  foetid 
decomposition,  which  sufficiently  stamps  them  with  an 
excrementitious  character.  Bowels,  skin,  kidney,  tonsils, 
are  the  favourite  resorts  of  the  several  fever-poisons,  just 
as  they  are  the  surfaces  by  which  naturally  the  organic 
waste  of  the  several  tissues  is  eliminated.  And  it  may 
not  be  amiss  to  notice  that,  whereas  the  normal  and 
healthy  discharge  of  these  substances  commonly  tends  to 
occur  in  the  highest  attainable  form  of  oxidation  ;  and 
whereas,  under  a  variety  of  atmospheric  circumstances 
interfering  with  their  efficient  oxidation,  they  must  tend 
to  accumulate  in  forms  more  susceptible  of  fetid  decom- 
position ;  so  it  is  peculiarly  under  such  circumstances — 
where  ventilation  is  defective — where  human  beings  are 
unduly  crowded— where  the  air  is  loaded  with  deoxi- 
dizing influences— that  zymotic  diseases  tend  to  aflfect 
the  system,  either  through  a  new  generation  of  their 
poison,  or  through  some  vast  increase  of  susceptibility 
thus  engendered."  28 
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While  preventive  measures  are  undoubtedly  effica- 
cious, in  no  class  of  diseases  must  the  physician  de- 
pend more  entirely  on  the  vis  physiologica  vel  medica- 
trix  naturae  ;"  that  is,  he  should  rely  on  a  free  supply  of 
air,  and  other  attentions  to  the  normal  functions  such 
as  are  generally  termed  hygienic  treatment,  endeavour- 
ing, meanwhile,  by  nutriment  to  sustain  life  till  the  poi- 
son has  been  eliminated.  Dr.  Richardson  of  London  has 
shown  that  in  some  of  these  diseased  conditions,  the 
breathing  being  normal,  the  patient  sinks  for  the  sole 
and  simple  reason  that  the  blood  will  not  take  in  the 
oxygen  that  is  brought  to  it.  In  such  cases  the  blood 
is  charged  with  compounds  which  by  their  presence  pre- 
vent oxygenation — precisely  as  antiseptics  prevent  that 
process  out  of  the  body.  In  typhus  this  is  the  common 
mode  of  death,  and  he  terms  it  asphyxia  commencing 
in  the  blood. 

QUESTIONS  FOR  EXAMINATION. 

JUNIOR. 

1.  What  have  been  the  two  most  remarkable  theories  as  to  the 
seat  of  diseases  ? 

2.  Enumerate  a  few  causes  which  increase  or  decrease  the  red- 
cells  of  the  blood. 

3.  "What  results  follow  the  increase  or  decrease  of  water  in  the 
blood  respectively  ? 

4.  Are  leucocythemia  and  hyperfibrinosis  alhed  to  each  other  ? 

5.  Wliat  obvious  pathological  conditions  accompany  leucocy- 
themia ? 

6.  In  what  cases  has  a  deficiency  of  fibrin  been  found  ? 

7.  Is  pyemia  possible  ? 

8.  Enumerate  the  chief  zymotic  diseases,  and  explain  their 
nature.  What  chemical  change  of  the  blood  do  they  interfere 
with  ? 

9.  "What  are  the  preventive  and  curative  measures  available  in 
zymotic  cases  ? 

SENIOR. 

1.  Explain  the  action  of  remedies  in  cases  of  hyperemia. 

2.  Sketch  the  action  of  various  causes  in  producing  spanemia, 
and  its  symptoms. 

3.  By  whom,  and  how,  was  leucocythemia  discovered  ? 
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4.  Mention  some  inflammations  which  do,  and  which  do  not,  in- 
crease the  fibrin  in  the  blood. 

5.  State  two  theories  of  the  cause  of  scurvy,  and  the  facts  and 
arguments  which  support  them. 

6.  WTiat  are  the  proximate  causes  of  cholemia  ? 

7.  Describe  the  condition  of  veins  when  blocked  by  thrombi. 

8.  Explain  the  diffusion  of  thrombi,  and  enumerate  some  conse- 
quent diseases 

9.  Sketch  the  analogies  between  zymosis  and  fermentation. 


ABNORMAL  NUTRITION. 

Upon  a  careful  review  of  all  pathological  processes,  it 
will  be  found  that  there  are  very  few  of  them  which 
cannot  be  referred  to  a  decrease,  increase,  or  perversion 
of  the  function  of  nutrition.  This  will  be  evident  from 
an  examination  of  the  following  table,  adapted  from  the 
great  work  of  Dr.  Williams  with  some  slight  modifica- 
tions : 

['Decreased  . .  Atrophy. 

j  Increased  . .  Hypertrophy,  Repair,  Inflammation. 

[  Plastic. 

NuTRi-  I  rEtFusions,        <  Cacoplastic. 

TioN.    "j  L  Aplastic. 

Degeneration. 

Growths  Tumours,  Cancer. 

-Perverted    ^  THardening. 

Softening. 
Contraction. 
Physical  al-  Dilatation, 
terations.     ^  Obstruction. 

Compression. 
Displacement. 
[.Rupture. 

These  conditions  we  proceed  to  sketch,  referring  for 
the  many  details  of  special  diseases  to  treatises  on  medi- 
cine and  surgery. 

Atrophy  implies  a  wasting  of  any  part,  the  result  of 
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decreased  nutrition,  or  of  interstitial  absorption  when  it 
occurs  faster  than  new  material  is  laid  down.  It  is  not 
always  abnormal,  as  such  parts  as  the  gubernaculum 
testis  and  thymus  are  removed  in  early  life,  and  the 
mammary  gland,  spongy  structure  of  the  penis,  and  the 
testis  are  reduced  when  they  have  fulfilled  their  office. 
Its  most  frequent  cause  is  disuse,  thus  the  muscles  and 
bones  of  paralysed  limbs  rapidly  waste  unless  the  artifi- 
cial stimulus  of  electricity  be  substituted  for  the  natural 
one  of  nervous  force,  which  has  been  impaired  or  lost. 
A  diminished  quantity  or  inferior  quality  of  blood  will 
surely  lead  to  atrophy  of  any  part,  as  also  will  inter- 
ference with  the  influence  which  we  have  seen  the  ner- 
vous system  possesses  over  nutrition.  The  contraction 
of  the  calibre  of  arteries  by  increased  action  of  their 
muscular  coat  is  a  frequent  cause  of  atrophy,  and  the 
chronic  gangrene  which  spurred  rye  produces  may  be 
explained  in  a  similar  way.  Pressure,  if  constant,  leads 
to  atrophy;  if  occasional,  to  hypertrophy — which  ex- 
plains Hunter's  remark,  that  pressure  from  within  causes 
thinning  ;  from  without,  thickening  of  parts.  Atrophy 
may  be  general,  marasmus ;  or  partial,  a  condition  from 
which  no  organ  is  intact.  Atrophy  is  often  combined 
with,  or  preceded  by  alteration  in  quality  as  well  as 
quantity,  as  will  be  stated  when  discussing  fatty  dege- 
neration. The  curative  indications  clearly  consist  in 
secm-ing  a  due  supply  of  the  nutriment  of  the  wasted 
organ,  and  in  promoting  its  activity  by  exercise. 

Hypertrophy  is  the  converse  of  the  state  we  have  just 
examined,  and  consists  either  in  an  increase  in  size  of 
the  materials  which  constitute  a  part,  or  an  increase  iu 
their  number.  These  two  varieties  Virchow  distinguishes 
as  simple  and  numerical.  For  the  production  of  hyper- 
trophy the  following  conditions  are  necessary:  1.  In- 
creased exercise  of  function  ;  2.  Increased  amount  iu 
the  blood  of  the  special  materials  of  the  part;  and  3. 
Increased  afflux  of  blood.   Hypertrophy,  unlike  atrophy, 
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is  never  general ;  but,  like  it,  it  may  be  normal,  as  when 
an  ordinary  muscle  augments  in  bulk  ;  but  if  the  muscle 
be  the  heart  the  alteration  is  fraught  with  danger,  as  we 
know  it  is  usually  the  result  of  valvular  disease,  and  the 
cause  very  frequently  of  sudden  death  by  rupture  of  the 
cerebral  vessels.  Both  these  occurrences,  as  well  as  the 
hypertrophied  or  columnar  bladder  in  urethral  stricture, 
are  the  result  of  the  first  condition  we  have  enumerated, 
Increase  of  adipose  tissue,  or  obesity,  is  an  example  of 
the  second  circumstance,  and  the  reader  will  find  this 
subject  discussed  in  my  "Lectures  on  Public  Health." 
No  more  forcible  example  of  the  action  of  the  third  con- 
dition could  be  adduced  than  the  vast  increase  of  the 
cock's  spur  when  transplanted  to  the  more  vascular 
comb.  In  hypertrophy  all  the  excess  of  blood  is  utilised 
or  converted  into  tissue  similar  to  that  of  the  organ,  but 
in  inflammation  it  is  wasted  in  the  formation  of  new  pro- 
ducts. In  double  glands,  or  glands  of  similar  office,  the 
impairment  of  one  leads  to  vicarious  hypertrophy  of  the 
other.  Virchoiv  believes  that  nervous  influence  is  not 
necessary  in  order  that  parts  should  take  up  an  in- 
creased quantity  of  materials,  for  in  parts  "  entirely  des- 
titute of  nerves,  as,  for  example,  the  surface  of  an  arti- 
cular cartilage,  we  can,  as  was  shown  many  years  ago 
by  beautiful  experiments  of  Redfern,  produce  altogether 
similar  effects  by  means  of  direct  stimuli." 

REPAIR. 

Although  the  reparative  process  cannot  be  regarded 
as  in  itself  abnormal,  it  may  be  conveniently  considered 
here,  as  it  is  an  increased  condition  of  nutrition,  and  it 
follows  injury  or  disease.  Mr.  Paget  explains  that  some- 
thing similar  occurs  in  inorganic  matter;  if,  for  example, 
a  crystal  of  alum  be  broken,  it  will  repair  itself  if  placed 
in  a  solution  of  that  salt.  The  process  is  more  powerful 
in  the  humbler  animals,  as  shown  by  experiments  on 
the  hydra,  which  can  be  divided  into  many  pieces,  all 
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of  which  repair  the  loss  sustained,  and  become  com- 
plete animals.  Crustaceans  also  will  even  perform  a 
voluntary  amputation  of  one  of  their  claws,  when  dis- 
turbed, and  it  is  rapidly  reproduced.  In  the  human 
foetus,  spontaneously  amputated  limbs  attempt  reproduc- 
tion ;  and  White,  in  1785,  related  that  a  supernumerary 
thumb  was  formed  twice  after  removal. 

We  will  consider  cicatrization  before  treating  of  the 
inflammatory  process,  which,  so  far  fi-om  being  essential, 
was  shown  by  Prof.  Macartney  of  Trinity  College,  in  his 
great  work,  to  be  always  obstructive  of  the  event.  Paget 
enumerates  five  methods  by  which  soft  parts  may  unite  : 
1.  Immediate  union;  2.  Primary  adhesion;  3.  Granula- 
tion; 4,  Secondary  adhesion,  or  the  union  of  granula- 
tions ;  5.  Scabbing.    Hunter  believed  that  blood  might 
form  the  bond  of  union,  and  in  internal  parts  clots  do 
occasionally  become  organized.     1.  Immediate  union 
was  first  shown  by  Macartney,  and  may  follow  if  the 
wound  be  cleanly  incised,  be  closed  at  once,  and  all 
blood  pressed  out.  2.  The  second  method  is  more  usual. 
The  sides  of  the  wound  do  not  touch,  but  are  united  by 
lymph  poured  out,  as  some  believe,  by  adhesive  inflam- 
mation ;  this  constitutes  the  cicatrix  when  organized,  but 
it  always  remains  different  from  the  neighbouring  cutis, 
not  containing  pigment,  hair,  or  sebaceous  glands,  if  the 
whole  thi^ckness  was  destroyed.    The  process  may  be 
completed  in  48  hours,  as  we  have  seen  in  hare-lip,  which 
is  a  good  example  of  this  method.    Liston,  it  is  well 
known,  advised  that  the  wound  should  be  exposed  till  it 
"glazed;"  but  then  it  is  very  apt  to  unite  in  the  next 
way.    This  is  always  a  very  desirable  mode  of  union, 
save  in  a  few  cases — wounds  of  throat,  those  in  lithotomy, 
and  some  other  operations ;  or  those  made  to  evacuate 
a  deep  abscess,  for  examples,  in  which  special  cii*cum- 
stances  compel  us  rather  to  keep  open.    3.  The  forma- 
tion of  granulations  is  usually  determined  by  the  access 
of  the  oxygen  of  the  air  which  excites  suppuration. 
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Compound  fractures  unite  in  a  way  quite  analogous,  but 
more  slowly.   Paget  describes  a  calm,  or  inactive  period, 
which  lasts  for  a  day  or  two  in  vascular  parts,  or  for 
many  days  in  bone,  the  blood  slowly  circulating  or  even 
stagnating.    The  circulation  is  then  aroused,  and  in- 
creased afflux  of  blood  occurs,  the  granulation  matter 
which  had  been  effused  becoming  vascularized.  Granu- 
lations are  composed  of  cells  which  condense  into  areolar 
tissue,  the  elastic  element  not  forming  for  many  months, 
so  that  they  are  apt  to  tear  open,  and  do  not  glide  on  the 
subjacent  parts.    This  change  of  cells  into  fibres  is  the 
cause  of  those  contractions  of  scars  which  produce  often 
such  terrible  deformity.    On  the  surface  of  the  cicatrix 
cuticle  develops,  its  thickness  being  in  accordance  with 
the  surrounding  parts.    Inasmuch  as  horny  and  gela- 
tinous tissues  are  thus  formed  out  of  albuminoids,  the 
process  is  regarded  as  one  of  chemical  degeneration. 
Hunter  believed  that  blood-cells  and  vessels  originated 
in  the  new  material,  just  as  they  do  in  the  germinal 
area ;  but  it  may  be  demonstrated  that  they  merely  bud 
from  those  of  the  tissues  below  the  granulations.  The 
vessels  so  derived  loop,  elongate,  and  anastomose ;  and 
sometimes,  by  rupture,  a  few  cells  are  cast  into  the 
tissues,  as  the  blood  normally  is  in  insects,  and  then, 
by  process  of  "channelling,"  makes  new  vessels.  Pus 
covers  granulations  and  protects  them;  this  fluid  will 
be  described  when  discussing  the  results  of  inflamma- 
tion.   Though  granulations  are  sensitive  and  absorb 
greedily,  nerves  and  lymphatics  have  as  yet  eluded 
microscopists.    4.  When  two  surfaces  covered  by  gra- 
nulations are  placed  close  together,  the  cells  and  vessels 
coalesce ;  union  being  often  complete  in  24  hours.  In 
deep  wounds,  sacs  of  abscesses,  &c.,  the  surgeon  prefers 
this  mode  to  the  last  for  its  rapidity.    5.  In  healing  by 
scabbing  an  air-tight  crust  is  formed  of  blood,  serum, 
pus,  dust,  hair,  &c.,  and  the  scar  is  more  like  the 
original  tissue  than  in  any  other  form  of  cicatrization, 
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as  to  its  arrangement  of  cells  and  elasticity — not  con- 
tracting and  deforming  surrounding  parts.  It  is  the 
almost  invariable  mode  in  the  lower  animals.  It  has  been 
imitated  in  many  plans  of  healing  wounds  and  ulcers — 
covering  them  with  lint  dipped  in  blood  {Sir  A.  Cooper), 
filling  them  with  melted  wax  (Stafford),  crusting  them 
with  nitrate  of  silver  {Higginhotham),  or  with  collodion. 
The  process  of  repair,  in  a  few  of  the  most  important 
tissues,  may  now  be  sketched. 

1.  Bones  when  fractured  have  the  periosteum  usually 
ruptured  at  the  same  point,  and  the  soft  parts  are  some- 
what torn  and  infiltrated  with  blood,  which,  so  far  frOm 
forming  a  bond  of  union,  must  be  removed  before  that 
event  can  occur.    Some  inflammatory  exudation  next 
takes  place,  and  a  calm  for  a  week  or  so  succeeds  in 
man — but  not  in  the  lower  animals,  in  whom  union  is 
therefore  more  rapid.    It  is  supposed  that  bones  may 
unite  by  immediate  union,  but,  far  more  commonly, 
lymph,  similar  to  that  of  granulations,  intervenes,  and 
undergoes  conversion  into  bone,  cartilage  being  some- 
times an  intermediate  stage  ;  and  both  fibrous  tissue 
and  cartilage  may  be  the  temporary  bond  of  union,  the 
latter  lying  next  the  bone.    The  callus  either  surrounds 
the  fragments  for  about  half  an  inch  upwards  and  down- 
wards, forming  a  ring  which  Duhamel  described  as  the 
"  ferula,"  or  lies  exactly  between  the  fractured  surfaces; 
the  former  is  temporary,  the  latter  permanent.  Dxqniytren 
described  a  double  conical  peg  (cheville)  occupying  the 
medullary  cavity  ;  but  he  was  led  into  error  by  examin- 
ing only  the  fractured  bones  of  the  lower  animals. 
Temporary  callus  is  in  fact  only  produced,  according 
to  Paget,  in  young  animals,  and  for  a  like  reason — 
namely,  that  they  are  much  subjected  to  motion  in  the 
ribs  in  man.    It  is  the  usual  mode  in  children.  The 
internal  or  cancellous  matter  has  been  often  found 
condensed  into  compact  osseous  tissue.    2.  Cartilage 
undergoing  repair  has  been  studied  by  Redfern,  and  he 
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finds  it  is  accomplished  after  many  months  by  white 
fibrous  tissue,  the  cartilage  at  the  edges  of  the  wound 
having  softened  and  discharged  some  of  its  cells.  In 
fibro-cartilage  it  is  more  rapid,  and  very  similar  to  bone, 
as  the  perichondrium  forms  callus.  3.  Tendons,  when 
divided  in  subcutaneous  surgery,  unite  by  abundant  blas- 
tema, which  becomes  fibrous.  4.  Muscle,  being  divided, 
the  breach  is  never  made  good  by  muscular  tissue,  but 
by  oval  nucleated  cells,  which  afterwards  develop  into 
Buch  a  white  fibrous  matter  as  is  here  represented. — 


The  Fibrout  Matter  uhicJi  unites  a  divided  muscle. 

5.  Arteries,  when  divided,  are  rendered  impervious,  and 
hemorrhage  is  prevented  by  nature's  expedients  of  re- 
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traction  within  the  sheath,  contraction  of  its  calibre, 
and  the  formation  of  an  external  irregular,  and  internal 
conical  clot,  as  described  in  surgical  works. 

6.  The  reparation  of  injured  nerves  has  been  alluded 
to  at  page  252, 

INCREASED  VASCULARITY. 

Congestion,  or  the  heaping  of  an  undue  quantity  of 
blood  in  a  part  (local  hyperemia),  is  a  precursor  of  in- 
flammation, but  may  occur  without  being  followed  by 
that  result.    Congestion  is  termed  passive  when  the 
motion  of  the  blood  is  retarded ;  active,  when  it  is  aug- 
mented. Passive  congestion  is  often  produced  by  venous 
obstruction,  and  by  atony  of  vessels — as  in  fever,  when 
by  gravitation  the  blood  accumulates  to  the  back  of  the 
trunk,  to  be  often  followed  by  what  is  termed  hypostatic 
pneumonia.     Cold,  also,  and  surgical  shock  produce 
intropulsion,  and  congest  internal  organs.    Active  con- 
gestion may  be  normal,  as  in  blushing,  or  in  the  deter- 
mination which  often  occurs  to  the  reproductive  organs, 
and  may  occur  in  diseases  not  inflammatory — as  in  epi- 
lepsy, in  which  disease  the  carotids  throb  violently,  and 
it  is  said  a  fit  may  be  averted  by  compressing  them,  and 
thereby  diminishing  the  flow  to  the  brain.    The  efiect 
of  the  sympathetic  in  regulating  the  quantity  of  blood 
in  a  part  may  be  advantageously  refen-ed  to  (p.  294). 
Active  or  passive  hemorrhage  (by  rupture  of  vessels — 
never  by  exhalation),  flux  or  discharge  from  a  free  sur- 
face, and  dropsy,  or  effiision  of  serum  into  shut  sacs  or 
spaces,  are  usual  results  of  congestion.    Passive  con- 
gestion can  never  hypertrophy  a  part,  active  may. 

Inflammation,  the  pathology  of  which  we  now  pro- 
ceed to  sketch  very  briefly,  has  always  been  regarded  as 
the  most  important  of  pathological  processes,  but  the 
name  has  been  as  constantly  said  to  be  ill-chosen.  So 
complex  are  the  phenomena,  that  it  is  extremely  difficult 
to  suggest  any  appropriate  term ;  and  as  the  word  in- 
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flammation  expresses  increased  combustion,  which  cer- 
tainly does  occur,  it  is  perhaps  as  accurate  as  any  other. 
It  differs  from  active  congestion  in  there  resulting  exu- 
dation, or  the  effusion  of  the  solids  of  the  blood.  Its 
principal  phenomena  are  as  follows :  Istly.  The  larger 
blood  vessels  are  increased  in  calibre.  Hunter's  famous 
preparation,  still  to  be  seen  in  his  museum,  illustrates 
this.  He  inflamed  one  ear  of  a  rabbit  by  freezing,  and 
when  the  vessels  were  injected  after  death,  he  found 
those  of  the  inflamed  ear  8  or  4  times  as  large  as  those 
of  the  sound  side.  An  experiment  on  a  living  man 
proves  that  more  blood  flows  through  them  :  Lawrence 
bled  a  patient,  who  was  suffering  from  a  severe  whitlow, 
from  both  arms,  and  3  times  as  much  blood  flowed  in  a 
given  time  from  the  arm  on  which  the  local  inflammation 
existed.  2ndly.  The  microscope  reveals  the  changes  in 
the  capillaries ;  and  Paget,  who  selects  the  wing  of  a  bat, 
describes  the  following  occurrences  :  contraction,  dila- 


Varicose  State  of  yessels  of  an  Inflimed  Ovary. 

tation,  and,  finally,  stagnation.  Valentin  believes  that 
no  increase  of  the  capillaries  occurs  for  their  entire 
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extent,  but  merelj'  in  a  varicose  manner,  as  here  repre- 
sented ;  and  as  red-cells  fill  the  still  layer  of  the  capil- 
laries, they  seem  much  larger.  The  next  figure,  copied 
from  that  in  Pro/.  BenneCs  admirable  Lectures  on  Medi- 


Web  of  Frog's  Foot  after  alcohol  has  been  pfaced  on  it. 


A    Vein  —  circulation    Deep-seated    Artery  —  CapiWiries  have  become 

normal  -  stellate  pig-      very  rapid  current —  filled   with  stagnant 

mentary  celts.                  capillaries   congested,  blood,  which  has  been 

and  at  one  spot  burst.  partially  exuded. 

cine,  well  illustrates  the  condition  of  the  capillary  circu- 
lation in  the  frog's  web  under  health  and  disease.  To 
the  left,  the  circulation  is  normal ;  in  the  centre,  there  is 
congestion  and  rupture  of  a  capillary,  and  hemorrhage 
has  occurred  ;  and  to  the  right,  inflammation  has  been 
excited  by  the  contact  of  alcohol,  and  its  character- 
istic results,  stagnation  and  exudation,  have  resulted. 
The  black  stellate  marks  are  pigment  granules.  New 
vessels  are  not  formed  in  inflammation,  but  those  which 
were  only  large  enough  to  admit  the  plasma  may  then 
carry  the  cells  of  the  blood. 

As  regards  the  cause  of  the  appearances  we  have 
sketched,  or  the  theory  of  inflammation,  much  obscmity 
prevails.  Williams  believes  the  stagnation  due  to  the 
white  cells,  which  are  certainly  increased,  obstructing 
the  vessels,  owing  to  their  adhesiveness.  The  un- 
doubted muscularity  of  the  capillary  walls  and  the  in- 
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fluence  of  the  vaso-motor  nerves,  which  has  of  late 
years  been  demonstrated,  indicate  that  the  process  is 
vital,  not  mechanical.  Virchoiv  states  that  a  muscular 
contraction  of  the  capillaries  first  occurs,  and  is  followed 
by  relaxation  from  exhaustion,  as  muscular  action  always 
is ;  and,  lastly,  Simon,  in  his  admirable  essay  on  the 
"  System  of  Surgery,"  says  it  is  "  the  result  of  an  in- 
creased attraction  which  the  inflaming  tissue  exerts,  as 
it  were,  suctionally,  on  the  blood  coursing  within  its 
capillaries."  The  inflammatory  exudations,  which  are 
local  results  of  tissue  formation  more  than  products  de- 
rived from  the  blood,  abound  in  albuminous  matter  and 
in  salts,  which  everywhere  seem  indispensable  where 
rapid  cell-growth  is  going  on.  Now,  this  cell  produc- 
tion is  most  characteristic  of  inflammation,  as  plainly 
illustrated  in  cartilage,  the  pathological  changes  of  which, 
discovered  by  Prof.  Redfern,  we  have  before  referred  to  ; 
and  in  mucous  membrane,  which  when  inflamed  gene- 
rates pus  cells,  instead  of  the  more  permanent  epithelial 
cells.  Changes  in  the  blood  cannot  be  regarded  as  the 
essential  feature  of  inflammation,  for  it  can  scarcely  be 
supposed  that  that  fluid  is  affected  before  such  local  in- 
flammations as  conjunctivitis  can  occur.  Alterations 
do,  however,  result,  and  have  been  alluded  to  a  few 
pages  back,  and  it  may  be  here  added,  that  its  tempe- 
rature is  always  heightened,  as  a  result  of  increased 
oxidation. 

The  condition  of  the  system  responding  to  local  in- 
flammation, and  termed  inflammatory  fever,  mainly  de- 
pends on  or  accompanies  the  hyperfibrinous  state  of  the 
blood ;  and  in  the  words  of  the  philosophical  writer  we 
have  before  quoted,  "  the  greater  fibriniferousness  of  the 
blood  in  inflammation  represents  actions  of  devitalisation 
and  decay  in  some  albuminous  material.  Whether  this 
changing  material  be  the  inflamed  texture  gradually  dis- 
solving itself  in  the  blood,  or  bo  the  albumen  of  the 
fevered  blood  itself  undergoing  accelerated  waste,  cannot, 
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in  the  present  state  of  knowledge,  be  even  approximately 
stated." 

The  Results  of  Inflammation  are  most  varied.  I. 
Resolution,  to  which  alone  the  name  of  "  tennination"  is 
applicable.  This  most  favourable  occurrence  implies  the 

gradual  return  to  the  condition  of  healthy  nutrition  

Delitescence,  or  sudden  removal,  and  metastasis,  or 
translation  to  a  distant  part,  agree  with  resolution  as  far 
as  the  part  engaged  is  concerned,  for  in  both  it  is  left  in 
its  normal  state.  II.  EflPiision  of  Serum,  which  mostly 
follows  chronic  and  asthenic  inflammation.  Fibrin  is 
present  in  many  effusions,  which  will  remain  fluid  as 
long  as  they  are  contained  within  the  body ;  but  when 
withdrawn,  especially  if  a  portion  of  solid  fibrin  be  pre- 
sent, that  material  rapidly  fibrillates.  III.  Effasion  of 
Blood  occasionally  occurs,  as  in  pneumonia,  when  it 
colours  the  sputa ;  and  in  chronic  cerebritis,  when  the 
brain  substance  is  reddened  by  it.  Probably  in  such  cases 
its  colouring  matter,  and  not  its  cells,  is  alone  present. 
IV.  Exudation,  which  is  the  essential  feature  of  inflam- 
mation. The  material  exuded  is  identical  with  the 
plasma  of  the  blood,  but  in  pathology  it  goes  by  the  name 
of  lymph,  of  which  Paget  describes  two  varieties,  fibrin- 
ous and  corpuscular ;  the  latter  being  termed  croupous 
by  Rokitansky,  from  the  disease  in  which  it  is  so  plenti- 
fully effused.  Williams  classifies  fibrin  as  plastic,  caco- 
plastic,  and  aplastic. 

The  difference  between  fibrinous  and  corpuscular 
lymph  consists  in  the  greater  relative  number  of  white- 
cells  in  the  latter,  and  the  following  circumstances  de- 
termine the  production  of  one  or  the  other  :  1.  State  of 
the  blood;  2.  Seat  of  the  inflammation;  3.  Degree  of 
the  inflammation.  The  first  point  is  well  shown  in  Paget' » 
famous  experiment:  he  applied  cantharides  blisters  to 
thirty  patients  in  St.  Bartholomew's  Hospital ;  and  on 
collecting  the  serum,  he  found  such  differences  in  micro- 
scopical and  other  characters,  as  to  be  able  to  judge  of 
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the  disease  under  which  each  patient  laboured.  In 
sthenic  cases,  firm  fibrinous  clots  were  obtained;  in 
cachetic  and  phthisical  patients,  white  cells  were  vastly 
more  abundant,  and  there  were  many  intermediate  de- 
grees. These  results  explain  how  various  in  effect  one 
injury  may  be  to  difierent  individuals. 

Plastic  Lymph  is  that  which  is  capable  of  organiza- 
tion ;  and  in  order  that  this  event  shall  take  place,  all  in- 
flammation must  cease,  and  the  conditions  which  we  have 
before  stated  as  necessary  for  healthy  nutrition  must  be 
present.  The  vessels  of  the  tissue  on  which  it  lies  bud 
vessels  into  it.  It  may  develop  into  fibrous  tissue,  as  it  is 
most  apt  to  do,  or  may  produce  fat,  elastic  tissue,  calca- 
reous matter,  true  bone,  &c.  The  most  important  pro- 
perty of  organized  lymph  is  its  wonderful  contraction, 
from  which  such  changes  as  the  following  result :  de- 
formed chest  after  pleurisy,  cirrhosed  liver,  spontaneous 
amputations  in  utero,  narrowed  cardiac  valves,  distor- 
tions after  burns,  and  the  stricture  of  mucous  canals  with 
which,  as  surgeons,  we  have  so  often  to  deal. 

Cacoplastic  Lymph  is  exemplified  in  tubercle,  so 
readily  examined  in  the  lung.  Eokitanshy  distinguishes 
the  grey  and  yellow  tubercle,  but  the  latter  is  merely  an 
advanced  stage  of  the  former.  It  at  fii'st  is  laid  down  in 
discrete  masses,  the  size  of  millet  seeds  (miliary),  which 
project  when  the  lung  is  cut,  as  they  have  less  elasticity. 
The  masses  then  coalesce,  and  crude  tubercle  is  formed. 
The  colour  is  like  that  of  cheese,  afterwards  more  yellow 
and  often  stained  darkly  by  carbon.  The  microscope 
shows  a  clear  blastema,  without  fibres,  granules,  and  oil 
particles,  chiefly  in  the  yellow  and  withered  and  dege- 
nerate cells  and  nuclei.  Extraneous  matters,  such  as 
epithelial  and  pus  cells,  fragments  of  broken  down  lung 
tissue,  pigmentary  and  calcareous  matter,  and  cholesterin, 
are  mixed  with  these  constituents.  Virchoiv  believes  the 
cells  are  but  those  of  the  epithelium  of  the  air-cells,  those 
in  the  centre  being  the  oldest  and  largest  by  imbibition. 
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Eventually  tubercle  may  wither  and  dry  up,  may  calcify, 
or  may  soften  down  into  pus,  which  we  will  presently 
discuss  as  an  aplastic  product ;  and  this  being  evacuated, 
a  vomica  or  irregular  abscess  cavity  results.  A  few 
pathologists  believe  it  may  be  absorbed,  and  Virchow 
thinks  this  may  happen  after  it  has  undergone  the  fatty 
metamorphosis.  The  softening  generally  begins  in  the 
centre,  which  is  farther  removed  fi'om  the  preservative 
influence  of  the  blood. 

Another  cacoplastic  material  may  be  alluded  to — the 

false  membrane  of  that  fearful 
malady,  diphtheria.  It  is  des- 
cribed by  Beale,  whose  figure 
is  here  reproduced,  as  consist- 
ing of  a  transparent  viscid  mu- 
cus-like material,  with  wavy 
lines,  entangling  epithelial 
scales,  and  granular,  rounded 
particles  of  much  smaller  size, 
passing  into  pus  cells  in  the 
lower  forms  of  the  disease. 
Acetic  acid  dissolves  the  enve- 
lope of  these  cells,  as  repre- 
sented in  the  lower  part  of 
,  ,  the  annexed  figure,  whereas 

Cacoplasttc  Lymph.    Diphthertttc  ,         i       xi  ii 

Exudation.  that  re-agcut  makes  tne  cell- 

wall  of  pus  more  evident.  That  pathologist  believes 
"  that  the  greater  part  of  the  epithelial  layer  is  sti'ipped 
off  from  the  subjacent  structure  in  a  membranous  form ; 
that  this  is  increased  in  thickness  by  the  rapid  develop- 
ment of  new  cells,  having  the  characters  above  described, 
upon  the  surface  of  the  mucous  membrane;  and  that 
these  new  cells,  corresponding  to  the  deepest  layer  of 
epithelium,  lose  more  and  more  the  epitheHal  character, 
and  tend  gradually  to  pass  into  pus  corpuscles. ' '  Virclwii 
thinks  the  exudation  is  into  the  mucous  membrane,  which 
then  ulcerates  from  the  tension. 
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Aplastic  Exudation  may  be  conveniently  studied  in 
pus.  This  well-known  fluid  is  of  a  greenish  yellow 
colour,  creamy  consistence,  and  alkaline  reaction ;  has 
a  faint  odour  and  taste,  and  a  specific  gravity  of  1-020 
to  1-040.  It  consists  of  cells  and  liquor  puris.  The 
cells,  as  before  stated,  cannot  be  distinguished  by  the 
microscope  from  white  blood  cells,  and  are  globular, 
rough,  and  nebulous,  and  about  ^sW  in  diameter.  The 
fluid  contains  albumen,  pyin — which  difiers  from  albumen 
in  being  thrown  by  acetic  acid — and  salts  similar  to  those 
of  the  plasma  of  the  blood,  than  which  it  contains  much 
more  fate  Many  varieties  of  pus  cannot  be  distinguished 
save  by  their  contagious  qualities,  as  syphilitic,  gonorr- 
hseal,  or  variolous ;  others,  as  laudable,  strumous,  icho- 
rous, sanious,  sabulous,  &c.,  are  known  to  every  hos- 
pital student  by  their  physical  characters.  Virchow 
regards  pus  cells  as  the  cells  of  areolar  tissue  rapidly 
generated ;  but,  according  to  other  pathologists,  pus  is 
but  a  degenerate  form  of  fibrin,  and  Paget  shows  that 
granulations  break  up  into  it,  their  cells  becoming  pus 
cells,  and  the  blastema,  liquor  puris  by  liquefaction. 
The  formation  of  an  abscess  in  areolar  tissue  is  described 
by  that  great  pathologist  as  follows :  A  round  mass  of 
lymph  is  poured  into  this  tissue,  which  it  distends  and 
softens.  The  centre  changes  into  pus  first,  because  it 
is  farther  from  the  vessels  which  abundantly  ramify 
around  the  circumference.  The  most  external  part  of 
the  mass  remains  solid,  and  is  named  the  limiting  fibrin, 
cyst,  or  pyogenic  membrane  of  Delpech.  The  abscess 
then  tends  towards  the  cutaneous  or  mucous  surface  by 
progressive  absorption,  like  other  tumours,  and  not  by 
converting  the  tissues  over  it  into  pus.  The  skin 
loosens,  the  cuticle  cracks,  and  the  cutis  giving  way  by 
ulceration,  the  pus  escapes,  and  the  cavity  is  obliterated 
by  granulation  and  contraction.  Besides  the  foregoing 
circumscribed  form  of  suppuration,  the  process  of  dif- 
fuse suppuration  is  seen  in  pneumonia,  when  the  paren- 
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chymatous  tissue  of  the  lung,  or  in  phlegmonous  erysi- 
pelas, when  the  subcutaneous  areolar  tissue  is  soaked 
with  the  effused  lymph.  A  third  form  may  be  well 
studied  in  gonorrhtea,  or  still  better  in  purulent  con- 
junctivitis, when  pus  is  produced  from  a  mucous  surface 
by  the  conversion  of  epithelial  cells  into  pus  cells,  as 
Virchoiv  has  explained. 

V.  Ulceration,  or  that  process  by  which  a  superficial 
part  is  removed  in  molecules,  was  believed  hj  Hunter  to 
be  but  a  variety  of  of  absorption,  the  debris  being  taken 
back  into  the  circulation.  That,  however,  the  particles 
are  thrown  off  with  the  discharge  seems  more  probable, 
as  we  find  the  broken  tissue  of  cartilage  cast  into  the 
joint,  and  the  particles  of  bone  in  caries  are  found  in  the 
pus,  rendering  it  sabulous.  This  molecular  disintegra- 
tion is  only  different  from  mortification  in  the  size  of 
the  particles  killed,  and  is  not  the  result  of  any  corrosive 
property  of  pus.  However,  Bokitansky  believes  many 
ulcers  spread  by  a  catalytic  action,  which  unhealthy  pus 
exerts  on  the  surrounding  parts.  The  term  ulcer  is 
applied  to  a  sore  while  it  is  forming  and  while  it  is  heal- 
ing, which  result  may  be  attained  in  the  last  three 
methods  of  cicatrisation  we  have  described  in  the  section 
on  repair. 

As  cartilages  are  permanently  cellular  and  lowly  vas- 
cular, many  of  the  pathological  changes  we  have  been 
discussing  are  studied  in  them  with  gi*eat  advantage; 
their  absence  of  nerves  likewise  proves  that  the  starting 
point  of  these  changes  does  not  lie  in  the  nervous  sys- 
tem, and  they  have  been  investigated  in  a  masterly  way 
by  an  accomplished  physiologist  and  pathologist.  For 
these  reasons  I  shall  quote  the  following  conclusions 
from  Prof.  Bedfern,  to  whose  researches  I  have  so  often 
referred : 

"  1st.  That  the  whole  of  the  known  forms  of  disease 
in  articular  cartilages  are  connected  with  changes  in  the 
texture  which  are  essentially  similar  to  each  other. — 
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2iid.  That  during  the  progress  of  these  changes  the  cells 
of  the  cartilage  become  enlarged,  rounded,  and  filled 
■with  corpuscles,  in  lieu  of  healthy  cells ;  bursting  sub- 
sequently, and  discharging  their  contents  into  the  texture 
on  the  surface ;  whilst  the  hyaline  substance  splits  into 
bands  and  fibres,  the  changed  hyaline  substance  and  the 
discharged  corpuscles  of  the  cells,  afterwards  forming,  in 
many  cases,  a  fibro-nucleated  membrane  on  the  surface 
of  the  diseased  cartilage.  3rd.  That  these  changes  are 
alone  referable  to  an  anormal  nutrition  as  their  immediate 
cause,  and  in  no  case  to  mechanical  or  chemical  actions, 
such  as  attrition  or  digestion  in  a  diseased  secretion. 
4th.  That  most  extensive  disease  may  be  going  on  in 
many  joints  at  the  same  time,  and  may  proceed  to  de- 
stroy the  whole  thickness  of  the  cartilage  in  particular 
parts  without  the  patient's  knowledge,  and  whilst  he  is 
engaged  in  an  active  occupation.  5th.  That  the  disease 
commences  most  frequently  upon  the  free  surface  ;  but 
it  may  proceed  from  the  bone  to  affect  the  attached  sur- 
face, or  it  may  take  place  in  the  middle  of  the  thickness 
of  the  cartilage.  6th.  That  it  is,  at  least,  very  doubtful 
if  the  symptoms  which  are  believed  to  indicate  the  exist- 
ence of  ulceration  of  articular  cartilages,  are  not  really 
dependent  on  a  morbid  change  in  the  bone.  7th.  That 
disease  of  the  whole  thickness  of  an  articular  cartilage 
at  particular  parts  admits  of  a  natural  cure,  by  the  for- 
mation of  a  fibro-nucleated  membrane  from  the  substance 
of  the  cartilage,  without  the  occurrence  of  any  new  exu- 
dation." 

VI.  Mortification  is  the  last  and  most  destructive  re- 
sult of  inflammation,  for  by  it  the  part  is  killed,  and 
subsequently  undergoes  the  same  decomposition  as  the 
subject  does  in  the  dissecting-room — the  life  of  the  body 
at  large  still  continuing.  The  dead  part  is  named  the 
sphacelus — or  in  the  case  of  bone,  the  sequestrum  ;  the 
process  of  necrosis  being  quite  analogous  to  mortification, 
save  that  reparative  power  is  higher  and  a  new  bone  is 
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formed.  The  variety  which  follows  inflammation  is  that 
termed  moist,  and  it  results  from  the  stagnation  of  the 
blood  in  the  vessels  not  being  recovered  from.  This 
kind  of  mortification  may  result  from  causes  not  inflam- 
matory ;  thus,  strangulation,  as  in  hernia,  kills  by  pre- 
venting circulation  ;  and  when  the  system  is  enfeebled 
by  cold  and  intoxication,  gangrene  of  the  lung  has  fol- 
lowed in  a  few  hours  without  previous  inflammation. 
Most  interesting  cases  of  this  occurrence  were  laid  before 
the  Pathological  Society  of  Dublin  by  Prof.  Law.  Severe 
cold,  however,  usually  kills  a  part,  by  setting  up  rapidly 
destructive  inflammation.  When  a  limb  dies  after  great 
crushing  violence,  ligature  of  an  artery,  or  the  sudden 
pressure  of  effused  blood,  inflammation  does  not  always 
precede  its  death.  Removal  of  nervous  influence  pro- 
motes the  occurrence  of  mortification.  Every  sm*geon 
knows  how  apt  paralysed  limbs  are  to  suffer  from  bed- 
sores ;  and  Sir  B.  Brodie  saw  gangrene  attack  the  foot 
24  hours  after  injury  of  the  spine.  Emboli,  when  they 
suddenly  and  completely  obstruct  an  artery,  give  rise  to 
humid  gangrene — or,  in  the  case  of  the  brain,  to  what  is 
known  as  "  ramollisement  blanc."  When  the  calibre  of 
an  artery  is  more  slowly  diminished,  as  by  calcification, 
or  by  the  ingestion  of  spurred  rye  acting  on  its  muscu- 
lar coat,  day  gangrene  is  the  form  which  follows  ;  and  as 
the  former  change  is  always  one  of  old  age,  the  term 
senile  is  often  applied.  The  description  of  the  symptoms 
of  these  cases  belongs  to  surgical  treatises. 

Fatty  Degeneration  is  a  most  common  pathological 
occurrence,  and  there  is  no  tissue  which  may  not  be  its 
seat — even  the  serum  of  the  blood  may  be  loaded  with 
fat  assuming  the  chylous  character  before  noticed.  Fat 
may  be  recognised  by  its  solubility  in  ether,  and  by  leav- 
ing a  greasy,  inflammable  stain  on  paper.  It  is  a  change 
which  often  succeeds  when  parts  hke  the  thymus  gland, 
testis,  or  mamma  have  ceased  to  fulfil  any  function ;  and 
the  placenta  shortly  before  parturition,  and  the  uterus 
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.  after  delivery,  are  especially  subject  to  it.  Some  of  tlie 
placental  vessels  in  this  condition,  from  a  case  where 
apoplectic  clots  and  a  putrid  foetus  were  found,  are  here 
represented.  Muscles  are  perhaps  more  frequently  the 
seat  of  this  process  than 
any  other  tissue  ;  it  was 
formerly  supposed  that 
the  sarcous  element  was 
removed,  and  fat  after- 
wards laid  down ;  but 
Quain  has  proved  that 
the  syntonin  is  actually 
changed  into  adipocere, 
the  nitrogen  being  set  free 
as  ammonia.  This  che- 
mical change  can  be  ac- 
complished artificially  if  FaUy  Degeneration  of  Placental  Fesselt. 
muscle  be  steeped  for  a  few  hours  in  a  weak  solution  of 
nitric  acid,  or  if  placed  in  a  running  stream  for  some  days. 
If  animals  be  fattened  to  a  high  degree,  fat  cells  form  in 
abundance  between 
the  fibres.  In  the 
voluntary  muscles, 
disuse,  or  the  para- 
lysed condition,  is 
the  most  frequent 
cause;  but  in  the 
heart,  which  is  the 
only  involuntary 
muscle  often  attack- 
ed, phthisis  is  a 
usual  concomitant ; 
and,  as  Canton  point- 
ed out,  the  arcus  se- 
nilis of  the  cornea 


Fatti/  Deposit  in  Cerebral  Arteries. 

often  indicates  its  occurrence.  In  this  organ,  the  deposit 
on  the  surface  must  be  distinguished  from  the  real  inter- 
stitial change,  which  is  much  less  fi-equeut. 
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Atheroma,  so  common  a  deposit  in  arteries,  is  a  fatty 
matter,  partly  cholesterin,  and  sometimes  mixed  with 
calcareous  salts.  The  arteries  of  the  brain  are  especially 
prone  to  it,  and  one  from  a  softened  corpus  striatum  is 
depicted  on  previous  page.  As  we  might  expect  from  its 
cellular  nature,  cartilage  often  undergoes  this  degenera- 
tion, which,  indeed,  is  the  first  step  in  its  destruction. 
The  most  usual  causes  of  the  morbid  process  is  the  exces- 
sive use  of  hydi'o-carbonaceous  food  and  alcohol,  and  in- 
sufficient exercise.  It  may  result  also  from  inflammatory 
action  in  some  tisues. 

In  muscle,  Simon  describes  the  inflammatory  and  fatty 
change  as  follows  :  "  There  is  mixed,  even  from  an  early 
date  in  the  inflammation,  a  noticeable  quantity  of  oil 
drops  ;  that  often  these  oil  drops  appear  before  the  dis- 
integration of  muscle  has  made  much  progress,  and  then 
arrange  themselves  in  such  mutual  relation — transverse 
or  longitudinal — as  to  suggest  that  the  sarcous  elements 
have  changed  themselves,  particle  by  particle,  into  oil ; 
that,  little  by  little,  the  oil  drops  multiply  to  such  an 
extent  as  to  be  the  chief  visible  objects  ;  the  limitary 
membrane  of  a  fasciculus  seeming  now  to  be  almost 
filled  with  finely  divided  oil,  diffused  through  some 
scanty  connective  albuminous  material ;  that  the  limitary 
membrane,  within  which  the  muscular  tissue  is  thus 
emulsionized,  tends  also  itself  to  undergo  dissolution, 
and  let  its  proceeds  confase  themselves  with  the  similar 
debris  of  neighbouring  fasciculi,  till  more  or  less  bulk  of 
muscle  is  reduced  to  a  state  of  oleo- albuminous  liqui- 
dity." 

Fatty  degeneration  is  occasionally  combined  with  an 
increase  in  size  and  number  of  the  fat-cells  in  the  sub- 
cutaneus  areolar  tissue,  omentum,  &c.,  which  is  termed 
polysarcia,  or  obesity.  In  some  such  cases  the  body  has 
attained  the  weight  of  36  stone,  and  in  one  case  recorded 
the  heart  weighed  22  oz.  The  following  engravings, 
from  a  valuable  paper  on  fatty  degeneration  by  Mr. 
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Bichardson,  in  the  22nd  volume  of  the  "Dublin  Journal," 
illustrate  the  microscopic  appearance  of  hepatic  cells 


Fatty  Hepatic  Cells  in  Phthisical  Liver. 


Hepatic  Cells  from  Cirrhosed 
Liuer. 


when  loaded  with  oil.  The  first  are  from  the  enlarged 
fatty  liver  of  phthisis,  the  second  from  a  shrivelled  cirr- 
hosed liver.  Fatty  casts  of  uriniferous  tubes  have  been 
described  at  p.  225,  and  illustrated  by  woodcuts  after 

.-•>::Si 


.  «<■  ' 


Fatty  Fibrilla,  and  one  Healthy  Fibrilla 
from  Heart. 


Fibres  from  Fatty  Heart  ; 
stricB  absent ;  oil  parti- 
cles deposited. 


the  same  able  miscroscopist.  In  the  next  figures  are 
seen  fibrillai  of  the  heart  in  a  state  of  fatty  degeneration. 
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and  in  contrast,  then,  a  healthy  fibre  is  shown.  The  pre- 
vention and  cure  of  this  pathological  condition  will  be 
found  pretty  fully  discussed  in  my  "  Lectures  on  PubHc 
Health." 

Amyloid  Degeneration  is  the  name  given  by  Virchow 
to  a  product  which  has  been  also  described  as  larda- 
ceous,  waxy,  or  albuminoid  in  various  organs.  It  either 
occurs  in  separate  masses  (corpora  amylacea),  as  in  the 
brain,  or  infiltrated  into  organs.  In  the  former  case  its 
starchy  nature  is  shown  by  the  blue  tint  which  it  gives 
with  iodine,  but  in  the  latter  case  the  action  of  that  re- 
agent on  the  albuminoids,  and  the  colour  of  the  organs 
themselves,  renders  this  test  obscure.  If  sulphuric  acid 
is  cai-efully  added  to  the  tissue,  a  violet  or  blue  colour 
appears.  The  spleen,  lymphatic  glands,  liver,  kidneys, 
muscle,  and  cartilage  may  undergo  this  degeneration. 
Many  prostatic  concretions  are  of  a  similar  nature,  and 
are  laminated.  The  muscular  tissue  of  the  smaller 
arteries  of  various  organs  are  the  primary  seat  of  the 
deposit,  and  Virchow  has  seen  cases  where  not  a  single 
minute  artery  of  the  digestive  tract  from  mouth  to  anus 
was  free  from  it.  It  narrows  their  calibre  so  much  that 
the  parts  always  have  a  pale  anemic  appearance.  Busk 
discovered  that  some  of  the  amyloid  bodies  had  the 
microscopical  characters  of  wheat-starch,  others  more 
closely  correspond  to  potato-starch. 

Pigmentary  Degeneration  is  described  by  many  au- 
thors, but  most  of  the  instances  adduced  are  cases  where 
the  tissues  or  some  new  formations  are  stained  red, 
yellow,  green,  or  brown  by  hsematin,  or  the  colouring 
matter  of  the  bile  which  is  derived  from  it.  When  the 
skin  was  stained  of  the  last-named  tint,  Addison  asserted 
that  disease  of  the  suprarenals  always  co-existed.  Black 
pigment  is  very  common,  and  the  peculiar  form  of  can- 
cer, named  melanosis,  is  very  generally  believed  to  be 
but  other  varieties  dyed  with  such  matter.  In  the  lungs 
"  spurious  melanosis"  is  usually  due  to  the  inhalation,  in 
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smoke-infested  cities  or  ill- ventilated  mines,  of  carbo- 
naceous matter  in  a  finely  pulverised  state,  which  may  be 
distinguished  from  any  pigment  derived  from  the  blood 
by  not  being  decolorised  by  chlorine. 

Calcareous  Degeneration  is  most  frequent  in  arteries 
and  in  new  formations,  especially  tubercle.  In  arteries 
this  deposit  lies  between  the  inner  and  middle  coats, 
and  is  arranged  as  minute  corpuscles  grouped  together, 
presenting  no  resemblance  to  the  structure  of  bone,  from 
which  it  differs  chemically  in  the  much  greater  proportion 
of  carbonate  of  lime.  Nerve  cells  and  tubes  have  been 
so  calcified  that  they  would  preserve  their  shape  when 
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Calcareous  Degeneration  of  Placental  Vessels— foetus  dead. 

strongly  heated,  and  effervesce  on  the  addition  of  acid. 
Its  origin  in  arteries  is  due  to  a  chronic  form  of  arteritis, 
save  in  senile  cases,  where  it  lies  in  the  muscular  tissue 
of  the  vessel,  and  has  more  the  characters  of  bone. 
Blood-clots  may  also  calcify,  and  many  phlebolithes  are 
so  produced.    The  foregoing  figures  were  drawn  from  a 
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preparation  by  Mr.  Richardson,  and  represent  calcareous 
degeneration  of  the  placental  vessels,  whicli  obstetric 
writers  have  sbown  is  a  frequent  cause  of  the  death  of 
the  foetus. 

QUESTIONS  FOR  EXAMINATION. 
JUNIOR. 

1.  Give  a  few  examples  of  normal  and  abnormal  atrophy. 

2.  Is  repair  more  active  in  the  lower  or  higher  animals — the 
highly  vascular  or  lowly  vascular  tissues,  and  give  examples  ? 

3.  Describe  granulations,  and  the  process  by  which  they  form  a 
scar. 

4.  Sketch  the  forms  of  callus  which  unite  the  femur  of  an 
adult  or  of  a  child  if  broken. 

5.  "What  proofs  can  you  oflFer  of  the  enlargement  of  arteries  and 
capillaries  in  inflammation  ? 

6.  Give  the  divisions  of  lymph,  and  some  examples  of  its  con- 
tracting power. 

7.  Describe  the  microscopical  appeai'ances  of  diphtheritic  exu- 
dation. 

8.  Explain  a  few  of  the  pathological  causes  of  humid  and  dry 
gangrene. 

9.  Enumerate  the  varieties  of  degeneration,  and  give  a  few 
examples  of  normal  and  abnormal  instances  of  the  most  frequent 
kind. 

SENIOR. 

1.  Sketch  out  a  classification  of  abnormal  nutritive  changes. 

2.  "What  is  Virchow's  division  of  hypertrophies,  and  what  con- 
ditions are  promotive  of  them  ? 

3.  Enumerate  five  kinds  of  cicatrization,  and  a  few  surgical 
cases  where  the  third  is  more  desu-able  than  the  first  or  second. 

4.  Describe  "  scabbing,"  and  the  modes  of  imitating  it  in  the 
treatment  of  ulcers. 

5.  Sketch  the  modes  of  union  in  a  divided  muscle,  tendon, 
nerve,  and  artery. 

6.  Describe  the  changes  in  the  blood  by  inflammation. 

7.  Mention  the  results  of  inflammation,  and  what  cu-cumstances 
determine  each. 

8.  Describe  healthy  pus  and  a  few  of  its  commoner  varieties. 

9.  Enumerate  the  theories  of  ulceration,  and  describe  the  pro- 
cess in  cartilages  according  to  Red/cm. 
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TUMOUKS 

Are  outgrowths  which  differ  from  hypertrophies  in  never 
serving  any  useful  purpose.  This  difference  may  be 
illustrated  by  the  uterus,  which  hypertrophies  during 
gestation,  but  often  forms  a  tumour  of  exactly  similar 
tissue  to  its  own,  often  described  as  polypus.  Tumours 
are  usually  divided  into  benign  and  malignant,  the  latter 
class  including  cancer  alone  ;  and  with  these  two  sub- 
divisions the  terms  analogous  and  heterologous  corre- 
spond. These  epithets  are  convenient  but  not  strictly 
accurate.  They  are  also  talked  of  as  "  continuous" 
when  formed  amidst  tissue  like  themselves  ;  "  discon- 
tinuous" when  isolated  by  other  structures.  Parjet's 
classification  is  as  follows  : 

I.  Cystic  tumours 

A.  SIMPLE  OR  BARREN. 

1.  Serous, 

2.  Synovial, 

3.  Mucous, 

4.  Sanguineous, 

5.  Oily, 

6.  Colloid, 

7.  Seminal. 

II.  Solid  tumours  and  outgrowths — 

1-  'Fatty,  4.  Cartilaginous,     7.  Glandular, 

2.  Fibro-cellular,  5.  Myeloid,  8.  Vascular. 

3.  Fibrous,  fibro-muscular,   6.  Osseous, 

fibro-elastic,  &c., 

1.  Serous  cysts,  which  occur  in  any  part  of  the  body 
where  areolar  tissue  exists  ;  for  fi'om  the  cells  of  this,  or 
perhaps  its  areolae,  they  have  their  origin.  The  cyst  is 
lined  with  tesselated  epithelium,  and  filled  with  a  fluid 
usually  like  the  serum  of  the  blood;  but  it  may  be 
stained  of  different  tints  by  its  ha3matin,  may  contain 
some  of  its  solids,  fretjuently  cholesterin,  and  may  be- 


B.   COMPOUND  OR  PROLIFEROUS. 

1.  Complex  cystic, 

2.  "With  glandular  or  other  vas- 

cular growths, 

3.  Cutaneous, 

4.  Dentigerous. 
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come  solid  on  removal,  owing  to  the  presence  of  fibrin.  No 
better  example  could  be  adduced  than  "  hydrocele  of  the 
neck,"  as  described  by  O'Beirne.  2.  Synovial  cysts,  which 
are  either  enlargements  of  original  bursoe  ("housemaid's 
knee"),  formation  of  new  ones  ("  bunions"),  or  distension 
of  the  cells  of  synovial  sheaths  about  tendons  (ganglion). 
They  contain  synovia,  albumen  being  more  abundant  in 
the  latter  case,  and  little  cartilaginous  bodies,  like  melon 
seeds  or  half-boiled  rice,  are  often  found  within  them, 
especially  about  the  wrist.  3.  Mucous  cysts  result  from 
the  distension  of  a  mucous  cavity  or  coecal  gland-duct, 
consequent  on  obstruction  of  its  orifice.  Ranula  is  an 
example.  4.  Saguineous  cysts  most  resemble  the  serous, 
save  that  they  are  filled  with  blood,  which  is  either 
poured  out  as  the  result  of  injury  to  a  cyst  previously 
containing  serum,  or  the  enlargement  of  a  vessel  in  a 
nsBvus.  One  the  size  of  a  goose-egg,  in  the  posterior- 
inferior  triangle  of  the  neck,  was  lately  treated  by  my 
colleague.  Dr.  Quinlan,  in  St.  Vincent's  Hospital.  5. 
Oily  cysts  are  very  rare,  but  have  been  found  connected 
with  the  sebaceous  or  lactiferous  ducts,  and  filled  with 
pure  oil.  6.  Colloid  cysts  occasionally  occur  in  the 
kidney  or  thyroid,  and  contain  a  jelly-like  matter  very 
similar  to  that  found  in  the  cells  of  colloid  cancer ;  and 
64  parts  of  albumen  per  1,000  may  be  obtained  from 
such  matter.  7.  Seminal  cysts,  or  "encysted  hydro- 
celes," are,  as  was  explained  hj  Midler,  most  commonly 
distensions  of  that  tubular  remains  of  the  Wolffian 
body  which  lies  above  the  epidid3'mus,  and  which  is 
sometimes  named  "  the  organ  of  Giraldes."  They  are 
by  others  supposed  to  be  dilatations  after  obstruction  of 
the  seminal  ducts,  or  efi'usions  of  fluid  between  the  albu- 
gineal  and  serous  layers.  They,  however,  contain  sper- 
matozoa, which  Paget  believes  they  themselves  generate ; 
he  mentions  one  which  held  46  ozs.  of  fluid. 

Compound  or  Proliferous  Cysts  have  the  power  of 
producing  within  themselves  organised  structm-es.  1. 
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Complex  cystic,  which  usually  grow  in  the  ovary  and 
generate  within  the  parent  cyst  several  others — often  in 
hundreds,  and,  within  these  again,  often  tertiary  cysts. 
Beale  has  found  the  epithelium  occasionally  ciliated.  2. 
Cysts  with  glandular  or  other  vascular  growths  are  ex- 
emplified in  the  *' sero-cystic  sarcoma,"  which  Broclie 
described  in  the  breast.  The  vascular  mass  produced  in 
the  interior  may  so  completely  fill  the  sac  as  to  produce 
an  almost  solid  tumour,  which,  according  to  Hodgkin, 
were  always  formed  in  this  way  originally  from  a  cyst. 
Still  further  urging  outwards,  it  may  burst  the  skin  and 
protrude  as  a  fungous  mass.  This  intracystic  mass  may 
be  glandular,  corresponding  to  the  gland  with  which  it  is 
connected,  or  may  be  composed  of  cellular  matter  much 
resembling  granulations.  No  tumours  are  more  difficult 
to  diagnose  from  cancer.  3.  Cutaneous  cysts  produce 
within  them  various  matters  which  are  normally  con- 
nected with  the  skin — they  may  be  congenital  or  formed 
after  birth.  Congenital  ones  are  scarcely  ever  found 
except  near  the  eyebrow,  often  dipping  deep  into  the 
orbit,  and  containing  fatty  matter  and  ill-developed  hairs 
with  the  free  ends  split  into  many  fibres.  Of  those 
formed  after  birth  the  scalp  is  by  far  the  most  frequent 
seat,  and  here  they  are  familiarly  known  as  "wens." 
Sir  A.  Cooper  looked  on  these  as  obstructed  sebaceous 
follicles,  and  believed  a  dark  mark  always  indicated  the 
original  duct.  Tablets  of  cholesterin  are  often  present, 
and  may  be  tested  by  giving  a  blue  tint,  passing  to 
brown,  with  iodine  and  sulphuric  acid.  Cysts  contain- 
ing cutaneous  matters  may  occur  in  the  ovary,  where 
they  generate  these  contents  very  perfectly ;  so  that  at 
one  time  they  were  supposed  to  be  the  remains  of  a 
partly  absorbed  fcetus :  they  have  been  also  occasionally 
observed  in  the  testis,  kidney,  and  even  within  the  skull. 
It  is  remarkable  that  there  is  a  strong  hereditary  ten- 
dency to  their  production.  4.  Dentigerous  cysts  occur 
mostly  in  the  ovary,  or  may  be  congenitally  formed  in 
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other  situations.  Teeth,  even  to  the  number  of  400, 
have  been  found  within  tbem,  and  occasionally  also  hair, 
epidermis,  &c.  Those  occurring  about  the  jaws  are 
tooth  saccules,  from  which  the  teeth  were  never  pro- 
truded. 

II.  Solid  Tumours  and  Out-growths. — 1.  Fatty  tu- 
mours are  likewise  known  as  lipoma  and  steatoma. 
Those  which  are  continuous  occur  in  the  subcutaneous 
fatty  tissue,  of  which  they  are  a  local  increase,  and  are 
well  distinguished  by  their  scalloped  edge,  projecting 
into  the  surrounding  areolar  tissue,  and  their  soft  "pil- 
lowy" feel.  Others  may  occur  even  where  no  adipose 
tissue  normally  exists,  and  are  covered  with  a  capsule 
which  dips  into  and  lobulates  the  fatty  mass.  These  are 
known  by  the  skin  over  them  dimpling  when  squeezed. 
The  microscope  discovers  fat-cells  larger  than  normal, 
especially  in  the  softer  tumours;  others  of  them  are 
shrivelled  and  some  occasionally  contain  beautiful  crys- 
tals of  the  fatty  acids. 

2.  Fihro-cellular  tumours,  which  consist  of  areolar 
tissue  usually  in  a  distended  or  dropsical  state,  owing 
to  the  pendulous  form  most  of  these  out-growths  pos- 
sess. Of  these  covered  by  mucous  membrane,  simple 
polypi,  as  those  of  the  nose,  rectum,  or  bladder,  are 
good  examples ;  and  they  have  a  ciliated,  columnar,  or 
tesselated  epithelium,  according  to  the  situation  from 
which  they  spring. 

Dr.  O'Ferrall  published,  in  1847  {"  Dublin  Journal"), 
a  masterly  account  of  pendulous  tumours  which  he  had 
observed  in  St.  Vincent's  Hospital  and  in  consulting 
practice.  I  shall  quote  his  description  of  the  appear- 
ances on  section,  and  refer  to  his  memoir,  which  con- 
tains all  we  know  on  the  history,  diagnosis,  and  treat- 
ment of  these  important  growths  :  "  The  general  ap- 
pearance of  the  section  of  pendulous  tumours  is  that  of 
areolar  tissue,  more  or  less  hypertrophied,  and  contain- 
ing in  its  meshes  a  limpid  secretion.    The  whole  has  a 
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pearly  or  whitish  semi-transparent  appearance,  when  of 
the  simplest  kind.  In  the  living  state  this  section  would, 
no  doubt,  be  more  or  less  vascular,  and  present  a  very 
different  hue.  The  granulations  which  spring  from  these 
tumours,  when  the  skin  has  given  way,  have  invariably 
the  red,  fleshy  tint  of  a  highly  organized  part.  To  the 
tissues  already  named,  and  which  constitute  the  simplest 
form  of  pendulous  tumour,  may  be  added  others,  which 
give  it  a  special  character.  Thus  the  cellular  tissue  may 
contain  adipose  substance  in  quantity  sufficient  to  give 
it  the  character  of  a  fatty  tumour.  I  have  seen  several 
examples  of  this  kind,  and  shall  relate  the  particulars  of 
the  most  remarkable  instances  further  on.  The  cellular 
tissue  may  be  occasionally  the  basis  of  an  accidental 
erectile  formation.  The  tumour  in  such  cases  has  the 
uneven  purple  colour  of  the  nsevus,  and  is  capable  of 
great  reduction  in  its  volume  when  compressed  between 
the  fingers.  A  section  of  these  tumours  shows  the 
■numerous  apertures  of  vessels  divided  in  different  di- 
rections with  respect  to  their  axes." 

Fibro-cellular  tumours  often  occur  about  the  labia  or 
scrotum,  and  have  been  mistaken  for  elephantiasis  of 
those  parts ;  but  they  are  more  discontinuous,  and  are 
separated  and  lobulated  by  firm  areolar  tissue.  Ele- 
phantiasis is  more  painful,  fissured  and  excoriated,  and 
is  produced  by  recurring  attacks  of  erythematous  in- 
flammation. Such  tumours  yield  gelatin,  and  albumen 
from  the  serum  which  soaks  them,  on  analysis.  They 
have  no  malignancy.  Dr.  Beatty  and  I  removed  a  large 
one  from  the  left  labium  of  a  lady  two  years  since ;  six 
months  after  she  was  found  to  labour  under  scirrhus  of 
of  the  OS  uteri,  but  the  scar  of  the  operation  remained 
still  perfectly  healthy.  3.  Fibrous  tumours  consist  of 
white  fibrous  tissue,  often  glistening  and  tendinous. 
The  fibrous  polypus  of  the  uterus  is  the  type  of  such 
outgrowths  in  most  particulars  ;  but  as  its  tissue  is  iden- 
tical with  that  of  the  womb  itself,  the  term  fibro-muscular 
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would  be  more  correct.  Sonaewhat  similar  ones  may 
project  from  the  nose  or  pharynx,  and  "  discontinuous 
fibrous"  tumours  occur  pretty  often  about  the  jaws,  in- 
cluding some  forms  of  epulis  in  nerves,  the  testicle,  &c. 
Mr.  Paget  has  seen  their  cut  surface  rise  up  into  promi- 
nences, like  those  which  form  on  section  of  an  inter- 
vertebral disc.  They  have  been  known  to  undergo  the 
calcareous  degeneration.  Their  weight  is  often  enor- 
mous, having  attained  71  fb.  4.  Cartilaginous  tumour, 
or  enchondroma,  as  Miiller  named  it,  is  frequent  on 
bones,  and  occasionally  occurs  in  the  testis,  parotid, 
mamma,  &c.  In  35  cases  the  relative  frequency  was : 
bones  of  hand,  26  ;  tibia,  3  ;  testis,  2 ;  ilium,  1  ;  cra- 
nium, 1;  ribs,  1;  parotid,  1.  They  are  usually  rounded, 
hard,  but  elastic  on  firm  pressure,  covered  in  such  places 
as  the  testis  with  a  tough  fibrous  capsule — or  in  bone,  by 
a  thin  osseous  shell.  Section  produces  the  well  known 
screeching  sound  of  gristle.  Their  microscopical  ap- 
pearances are  most  varied,  but  most  usually  are  those 
of  infantile  cartilage,  sometimes  with  ossific  specs  or 
fibrous  tissue  mingled.  They  yield  chondiin.  The  largest 
ever  known  was  that  described  by  Sir  P.  CramjJton, 
which  measured  Q\  feet  in  circumference  and  grew  from 
the  thigh  bone.  When  softened,  their  cells  much  re- 
semble cancer  cells;  but  acetic  acid  distinguishes  the 
cell  wall  and  nucleus  of  the  latter — not  the  former.  5. 
myeloid,  or  marrow-like  tumours,  were  first  accurately 
described  by  Paget.  They  are  found  in  or  on  bones, 
more  often  the  former,  in  which  they  difler  from  the 
cases  last  described.  Their  consistence  and  appearance 
on  section  are  described  by  him  as  follows :  When 
not  encased  in  bone,  they  usually  feel  fii-m,  compressible, 
slowly  resilient,  and  '  fleshy  very  few  are  harder  than 
these  words  imply ;  but  some  are  much  softer,  easily 
broken,  like  ordinary  granulations.  On  section,  their 
most  frequent  appearance  is  that  of  an  uniform  greyish 
or  yellowish  shining  substance,  blotched  or  suftuscd  with 
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deep  crimson  or  pink,  or  blood-colour.  The  range  of 
varieties  of  appearance  is  very  wide  ;  and  besides,  partial 
ossification,  with  plates  or  bars  of  bone  intersecting  the 
tumour,  is  not  rare ;  and  cysts  filled  with  serous  or 
bloody  fluids  are,  in  the  instances  of  large  myeloid  tu- 
mours, frequent."  From  the  presence  of  many  spindle- 
shaped  fibre-cells,  Lehert  alluded  to  these  tumours  as 
"  fibro-plastic  ;"  but  their  most  characteristic  elements 
are  large  corpuscles  (aso  to  toVo),  with  numerous  nuclei, 
such  as  occur  in  foetal  marrow  or  diploe.  Some  forms 
of  epulis  are  myeloid. 

6.  OsseoTis  tumom's  may  be  divided,  like  bone  tissue, 
into  cancellous  and  compact.  The  former  are  always 
developed  as  cartilage,  contain  marrow-like  matter,  and 
are  covered  with  a  thin  shell  of  harder  bone.  The  ivory- 
like form  is  much  smaller,  and  seldom  occurs  but  on 
the  outer  surface,  or  in  the  diploe  of  the  cranial  bones, 
where  it  may  produce  most  serious  efi'ects  by  pressing 
into  the  cavity.  They  are  not  usually  cartilaginous  at 
any  period  of  their  growth,  but  •  Prof.  Goodsir  mentions 
one  of  the  humerus,  half  of  which  is  cartilage  and  half 
ivory-like  bone.  Others  have  been  found  growing  from 
the  inner  table,  chiefly  in  puerperal  women.  Osseous 
tumours  have  canaHculi  and  lacunae,  while,  on  the  con- 
trary, calcareous  degenerations,  before  described,  are 
amorphous. 

7.  Glandular  tumours,  or  adenoid,  as  they  have  been 
termed  by  Velpeau,  may  be  formed  of  tissue,  like  the 
ductless  or  the  secreting  glands.  Of  the  former,  small 
masses  which  grow  near  the  thyroid  are  the  only  ex- 
amples, for  bronchocele  and  the  enlarged  state  of  the 
ductless  glands  which  accompanies  leucocythemia  are 
hypertrophies — not  tumours.  The  secreting  glands, 
which  are  occasionally  imitated  by  tumours  growing  in 
or  near  them,  are  the  mamma,  prostate,  parotid,  and 
labial  glands.  The  first,  the  "  chronic  mammary  tu- 
mour" of  Sir  A,  Cooper,  is  the  only  one  invested  with 
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surgical  importance,  by  its  frequency.  They  are  usually 
lobed,  as  seen  in  the  annexed  representation  of  a  case 
by  Mr.  Eichardson,  and  microscopically  they  are  very 
similar  to  the  milk-secreting  tissue  in  a  rudimental  form, 
like  that  of  the  male  breast,  as  Birkett  remarks.  They 
may  undergo  reduction  or  absorption,  especially  if  the 
function  of  the  gland  is  called  into  action. 


The  Chronic  Mammary  or  uidenoid  Tumour. 


In  the  late  Mr.  Colles'  "  Surgical  Anatomy,"  1811,  I 
find  so  admirable  an  account  of  the  tumour  that  I  can- 
not forbear  quoting  part  of  it,  as  one  of  the  pathological 
subjects  which  the  unequalled  powers  of  observation 
of  that  great  surgeon  displayed  :  "  This  is  a  distinct  tu- 
mour or  hardness  in  the  breast,  generally  seated  deep  in 
the  substance  of  this  gland,  and  towards  the  axilla.  This 
is  usually  traced  by  the  patient  to  some  slight  hurt.  In 
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size,  it  scarcely  ever  exceeds  a  walnut.  Its  surfa,ce 
seems  rough ;  but  this  is  caused  by  its  being  felt  through 
the  gland.  It  is  occasionally  attended  with  some  slight 
pains  ;  these  are  induced  by  any  distress  of  mind,  by 
wearing  the  clothes  tight  across  the  breast,  and  by  a 
costive  state  of  the  bowels.  On  the  approach  of  the 
menstrual  period  these  pains  increase,  and  cease  on  this 
evacuation  being  completed.  A  temporary  enlargement 
of  the  tumour  attends  these  attacks  of  pain,  and  retires 
on  their  cessation.  The  subjects  of  this  complaint  are 
young  women,  generally  under  thirty  years  of  age.  In 
one  instance,  the  patient  was  nearly  forty  years  old,  and 
unmarried  ;  in  another,  the  lady  was  married,  but  had 
not  any  children,  and  was  irregular  in  menstruation. 
These  tumours  disap- 
peared in  such  of  these 
patients  as  became 
nurses,  and  in  the  others 
have  remained  stationary 
for  many  years." 

8.  Vascular  Tumours 
are  composed  of  dilated 
arteries,  capillaries,  or 
veins ;  or,  in  some  cases, 
all  three  kinds  of  vessels 
are  engaged.  Their  most 
frequent  seat  is  in,  or 
under,  the  skin  (a  most 
important  distinction,  as 
regards  surgical  treat- 
ment), where  they  are 
termed ' '  nsevi ; "  but  they 
have  been  found  in  the 
liver,  brain,  bones  (osteo- 

aneurism  of  Handyside),  and  may  probably  form  in  any 
tissue  which  vessels  penetrate,  of  which  I  have  recorded 
an  instance  m  the  "Medical  Press,"  for  Februarv 
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1863.  The  gentleman  remained  well  after  the  operation. 
In  the  same  journal  for  January,  1864,  will  be  found  an 


Co7igenital  Erectile  Tumour  of  Glaus  Penis  (  Mr.  Richardson). 

account  of  a  vascular  tumour  which  gi-ew  from  the  glans 
penis  ;  and  Mr.  Ricluirdson  recorded  also  a  similar  case. 
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The  appearances  of  these  tumours  are  represented  in  the 
foregoing  engravings,  and  the  microscopical  characters  of 
vascular  tumours  is  well  seen  in  the  following  section, 
after  Paget.  They  are  usually  soft,  emptying  and  be- 
coming pale  by  pressure ;  filling  and  becoming  turgid, 
like  erectile  tissue,  when  the  circulation  is  excited — but 
they  may  harden  with  clots  of  blood,  phlebolites,  &c. 
They  are  usually  congenital ;  but,  besides  the  instance  I 
have  mentioned,  Warren  describes  one  which  grew  about 
the  eyelids  in  a  girl  17  years  old.  Sir  R.  Carsivell  be- 
lieved they  often  depended  on  atony  of  the  vessels  through- 
out the  system,  for  he  has  found  large  arteries,  as  the 
iKacs,  tortuous  and  distended  in  many  of  these  cases. 

Neuroma,  or  a  swelling  on  a  nerve,  may  be  alluded 
to.  We  owe  nearly  all  our  knowledge  on  the  subject  to 
the  treatise  of  Prof.  R.  W.  Sinitk,  which  is  the  most 
exhaustive  and  most  splendidly  illustrated  monograph 
ever  published  upon  any  disease.  One  form,  '*  the 
painful  sub-cutaneous  tumour,"  was  described  and  so 
named  by  Wood,  in  1812. 

Before  commencing  the  next  division  of  morbid 
growths,  there  is  a  class  of  tumours  which  are  supposed 
to  hold  an  intermediate  place  between  innocent  and 
malignant  diseases,  as  the  terms  "  semi-malignant"  and 
"  recurrent"  indicate.  There  is  a  gi-owing  tendency,  how- 
ever, among  pathologists  to  consider  cancer  as  some- 
thing not  entirely  distinct  from  the  normal  constituents 
of  the  body.  This  view  is  expressed  by  Mr.  M.  H.  Collis, 
of  the  Meath  Hospital,  in  the  following  formula  :  ''The 
nearer  in  form  and  power  of  development  that  the  con-* 
stituent  cells  of  a  tumour  are  to  the  healthy  lymph- cell, 
the  more  innocent  is  the  tumour  ;  the  further  removed, 
the  more  destructive." — ("Dub.  Quart.  Journ.,"  Nov., 
1860). 

The  tumours  which  are  most  apt  to  return  are  those 
which  combine  the  characters  of  the  fibrous  and  fibro- 
cellular — hence  they  are  described  by  Paget  as  "  recur- 
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ring  fibroid  ;"  but  any  class  of  tumour  may  possess  this 
character,  in  which  alone  they  diifer  from  more  innocent 
examples  of  the  same  type.  This  unrivalled  pathologist, 
in  his  latest  work  ("  Tumours — Holmes'  System  of  Sur- 
gery"), says  :  "  The  general  appearance  of  recurrent  tu- 
mours is,  in  their  first  growth,  often  not  distinguishable 
from  that  of  tumours  of  the  same  struetm-e  that  are  not 
likely  to  recur ;  they  may  look  like  ordinary  fibro-cellular, 
fibrous,  or  other  tumours.    More  often,  however,  they 
differ  from  these  ordinary  tumours  in  that  they  are 
softer,  more  succulent  or  glutinous,  glistening  or  trans- 
lucent, brittle  or  easily  torn,  with  a  kind  of  fibrous  gi-ain. 
Commonly  all  these  peculiarities  become  more  marked 
in  the  successive  recurrences  of  the  tumour ;  and  the 
later  gi'owths  are  generally  like  masses  of  yellow  or 
ruddy  soft  gelatine,  with  blood-vessels.    The  later  are, 
also,  usually  much  more  rapid  in  their  progress  than  the 
earlier  growths,  and  are  generally  less  well-defined,  pene- 
trating further  and  more  vaguely  among  the  interstices 
of  adjacent  parts,  and  more  quickly  protruding  through 
the  skin  or  scars  over  them.    The  likeness  of  recurrent 
tumours  to  cancers,  in  many  of  these  points,  is  evident. 
But  their  unlikeness  is  as  distinct.    They  rarely  look 
like  cancers  to  the  naked  eye — never  to  that  assisted  with 
the  microscope  ;  their  homology  with  the  natural  struc- 
tures, though  in  a  rudimental,  and,  it  may  be,  degenerate 
state,  is  clear.  They  do  not  affect  the  lymphatics  ;  their 
recurrence  is  in  loco ;  and  in  the  few  cases  in  which, 
late  in  the  disease,  similar  growths  have  occurred  in  the 
'  lungs,  it  may  be  suspected  that  the  propagation  was  by 
direct  carrying  of  germs  with  the  blood  from  vessels  into 
which  a  tumour  had  grown — as  in  the  case  of  cartilagi- 
nous growth  in  the  testicle.    Moreover,  after  repeated 
recurrences,  the  patient  commonly  retains  apparently 
good  health,  and  shows  none  of  that  cachexia  which 
would  almost  certainly  exist  in  a  patient  who  had  suffered 
repeated  recurrences  of  cancer." 
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In  the  same  debatable  ground  may  be  placed  the 
morbid  growths  named  Epithelioma  by  Hannover.  The 
cells  of  epithelium  and  epidermis'  are  constantly  being 
shed  and  replaced  by  new  ones  ;  but,  if  generated  in  in- 
creased numbers  by  some  morbid  physiological  stimulus, 
or  if  their  exuviation  be  prevented,  they  give  rise  to 
tumours. 


Cells  of  Epithelioma. 


Warts  and  condylomata,  which  grow  from  mucous 
surfaces,  or  where  sebaceous  follicles  abound  in  skin,  are 
also,  however,  papilla-like  masses  of  such  cells,  with  a 
capillary  looping  into  each  projection.  Those  which 
occur  round  the  anus,  the  mucous  tubercle,  or  "  plaque 
muqucuse"  of  liicord,  are  syphilitic,  and  some  believe 
contagious. 
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The  common  epithelial  tumour  of  the  lower  lip,  or 
that  of  the  cervix  uteri,  mainly  consists  of  epithelial  cells 
of  various  sizes  and  degrees  of  formation.  Sometimes, 
deep  in  the  mass,  large  circular  spaces  filled  -with  cells 
may  be  found,  and  they  are  termed  "  cell-nests."  Some 
may  measure  ^-i^,  and  as  they  seem  to  generate  other 
cells  by  endogenous  growth,  are  named  "brood-cells." 
In  others  the  cells  are  more  intimately  infiltrated  into  the 
tissues.  It  is  remarkable  that  men  are  more  subject  to 
this  disease  in  the  proportion  of  86  to  19.  The  foregoing 
representations  of  the  cells  of  Epithelioma  are  from  Mr. 
Richardson's  paper  in  "  The  Dublin  Hospital  Gazette." 
Some  growths  from  mucous  surfaces,  often  termed  vil- 
lous cancer,"  are  of  this  papillary  nature,  as  also  is  the 
"cauliflower"  excrescence  of  obstetric  writers.  Paget, 
who  regards  epithelial  tumors  as  cancerous,  sums  up  his 
reasons  for  that  view  as  follows ;  and  from  their  consi- 
deration, and  a  careful  microscopical  examination  of  one 
which  grew  on  the  left  tonsil  of  a  patient  of  mine,  I  am 
inclined  to  coincide  in  them  to  the  fullest  extent : 

"1.  The  interstitial  formation  of  structures  like  those 
of  epithelium  is  not  an  imitation  of  any  natural  tissue ; 
it  constitutes  an  heterologous  stracture — for  superficial 
position  is  more  essential  to  the  type  of  epitheUal  struc- 
tures than  any  shape  of  elemental  cells  or  scales  is. 
2.  Even  that  delusive  appearance  of  homology  which 
exists  when  the  structures  like  those  of  epithelium  are 
formed  in  the  dermal  tissues,  and  therefore  near  the 
surface,  is  lost  in  nearly  all  the  cases  of  deep-seated 
epithelial  cancers,  and  in  all  the  similar  afiections  of  the 
lymphatic  glands  and  internal  organs.  3.  The  inter- 
stitial formation  of  cells  in  epithelial  cancer  is  conformed 
with  the  characteristic  plan  of  all  cancerous  infiltrations, 
and  leads  to  a  similar  substitution  of  new  structures  in 
the  place  of  the  original  tissues  of  the  atfected  part. 
4.  The  interstitially  formed  cells  often  deviate  very 
widely  from  the  type  of  any  natural  epithelial  cell,  in 
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shape,  in  general  aspect,  in  method  of  arrangement,  and 
in  endogenous  formation.  The  diflference  between  them 
and  any  natural  elemental  structures  is,  indeed,  much 
greater  than  that  between  many  medullary  and  schirrhous 
cancer- cells  and  the  cells  of  the  organ  in  which  they 
gi'ow :  e.  g.  it  is  sometimes  difficult  to  distinguish  the 
cells  of  a  medullary  cancer  in  the  liver  from  those  of  the 

I  liver  itself.  5.  The  pathology  of  epithelial  cancers  is 
scarcely  less  conformed  than  is  their  anatomy  to  the 
type  represented  by  the  schirrhous  and  medullary  can- 
cers ;  for,  not  only  are  they  prone  to  incurable  ulceration, 
and  to  repeated  recm'rence  after  removal,  but  (which  is 
much  more  characteristic)  they  usually  lead  to  the  for- 

H  mation  of  structures  like  themselves  in  the  lymphatic 
glands  connected  with  their  primary  seat,  and  they  lead 
sometimes  to  similar  formations  in  more  distant  organs. 
6.  In  their  growth,  and  in  their  recurrence,  there  is  no 
tissue  which  the  epithelial  cancers  do  not  invade  and 
destroy.    7.  A  peculiar  liability  to  them  seems  to  exist 

I  in  certain  members  of  those  families  in  which  schiii'hous 

:  or  medullary  cancers  also  occur." 

CANCER, 

Is  a  term  which  properly  includes  the  following  varieties 
of  malignant  disease,  for  they  are  all  distinguished  by 

the  character  from  which  this  ancient  name  is  derived  

namely,  that  of  spreading  and  infiltrating  into  all  tissues  : 
I.  Scirrhus,  of  which  the  disease  affecting  the  mam- 
ma may  be  taken  as  the  type.  It  is  a  heavy,  hard,  in- 
elastic mass,  often  as  firm  as  fibro-cartilage,  and  in  size 
never  exceeds  the  normal  size  of  the  portion  of  the 

i breast  it  attacks.  It  is  infiltrated  as  intimately  into  the 
organ  as  lymph  is  in  pneumonia,  and  has  no  capsule. 
When  firmly  pressed,  a  "juice"  exudes;  and  the  dry 
fibrous  matter  which  is  left  is  termed  the  "  stroma"_a 
I  structure  not  proper  to  the  cancer,  being  only  the  areolar 
(tissue  of  the  part ;  thus,  for  instance,  if  schirrus  is  de- 
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posited  in  the  brain,  the  so-called  sti-oma  is  absent,  as 
there  is  little  or  no  areolar  tissue  in  this  place  normally. 
Bokitansky,  however,  believes  the  stroma  an  essential 
element,  and  that  the  only  diflference  between  scirrhus 
and  encephaloid  cancer  is,  that  the  one  has  more  stroma, 
the  other  more  cells.  A  very  characteristic  appearance 
on  section  is,  that  the  cut  surface  becomes  concave,  and 
it  is  a  light  grey  colour,  mixed  with  gland  tissue,  which 
however,  as  well  as  the  fat,  rapidly  wastes. 

When  a  little  of  the  juice  is  placed  in  the  field  of  the 
microscope,  "cancer-cells"  appear  in  numbers  and  most 
diverse  forms — which  multiformity  is,  however,  very 
characteristic.  Their  shape  may  be  rounded,  pyriform, 
or  bifid,  and  their  diameter  ranges  from  yi^y  to  xeVo. 
The  fundamental  and  most  reliable  element  is  the  nu- 
cleus, which  may  be  either  free  or  included,  one,  two,  or 
three,  within  the  cell ;  it  is  commonly  about  o-sVcr,  and 
has  one  or  two  bright  nucleoli  within  it.  Some  of  the 
most  usual  forms  are  here  sketched. 


a.  Free  nuclei. 

b.  Small  cancer  cell. 

c.  Larger  cell. 

d.  Cell  with  two  nu- 

clei. 

e.  Mother  cell. 

f.  Mother  cell,  enclos- 

ing a  simple  7iu- 
cleus  a  lid  an  ucle- 
ated  cell. 

g.  Large  irregular 

aiid  bifurcated 
cancer-cell. 


Microscopic  characters  of  Scirrhus— {magnified  460  diameters.) 

II,  Encephaloid  Cancer,  as  Lacnnec  termed  it,  [from 
its  very  complete  resemblance  to  the  brain,  has  also  been 
known  as  fungus  hematodes  {Hey),  medullary  sarcoma 
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{Sir  A.  Cooper),  soft  cancer,  acute  cancer,  and  many 


The  Celts  of  Encephaioid  Cancer. 
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ally  infiltrated  with  it.  The  external  characters  of  the 
tumour,  and  the  size  it  may  attain,  can  be  judged  of 
from  the  foregoing  sketch  of  a  patient  of  Mr.  Richardson's 
in  the  Adelaide  Hospital.  The  resemblance  to  brain  is 
lost  in  some  of  the  more  vascular  form,  when  it  looks 
more  like  the  soft,  spongy  tissue  of  the  placenta ;  and 
in  such  cases,  during  life,  pressure  on  the  main  artery 


Encephaloid  Tumour  in  Orbit. 

will  often  fail  in  arresting  hemorrhage.  Lymphatics 
have  been  traced  into  the  mass.  The  cells  which  are 
figured  on  p.  475  are  very  like  those  of  scirrhus,  save  that 
they  are  larger,  softer,  arranged  more  loosely,  and  more 
easily  altered  by  water.  The  mass  is  very  apt  to  soften  and 
break  up,  or  undergo  "  saniation,"  as  RoJcitansky  terms  it. 
The  special  place  where  the  diseased  material  is  laid 
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down  gives  special 'characters  to  the  tumour';  thus,  for 
instance,  it  has  a  hard  skeleton  in  bone,  or  is  firm  and 
unyielding  in  the  testis,  as  the  albugineal  coats  firmly 
encapsulates  it.  The  exact  anatomical  position  of  en- 
cephaloid  masses  is  so  important,  when  the  propriety  of 
removal  or  the  method  of  operation  comes  to  be  discussed, 
that  I  shall  illustrate  the  relations  which  such  tumours 


Encephaloid  Cancer. 

in  the  orbit  possess  to  the  tunica  vaginalis  oculi  by  three 
of  the  figures  from  Dr.  O'Ferrall's  well-known  lectures, 
in  the  second  volume  of  the  "  Dublin  Hospital  Gazette," 
1846.  The  first  lay  above  the  fibrous  investment  of  the 
eye-ball,  m  the  situation  of  the  lacrymal  gland;  the 
second  was  loose  in  the  adipose  tissue  above  the  tunic 
of  the  muscles ;  and  tho  third,  growing  from  the  orbital 
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periosteum,  extruded  the  eye-ball,  and  rendered  its  re- 
moval advisable. 


Orbital  Tumour  extruding  the  eye-ball. 

III.  Colloid,  or  glue-like — a  term  also  applied  by 
Laennec,  and  synonymous  with  gelatiniform — refers  to  a 
cancer  which  most  generally  attacks  the  stomach  and 
other  internal  organs.  The  naked  eye  perceives,  when 
it  is  cut,  spaces  often  the  size  of  a  pea  or  nut,  or  even 
an  inch  wide,  partitioned  by  areolar  tissue  and  filled  with 
the  clear  colloid  matter — so  that  Paget  regards  it  as  a 
cystic  degeneration  of  scirrhus.  The  glue-like  matter  is 
insoluble  in  water,  and  contains  but  7  per  cent,  of 
nitrogen,  thus  differing  from  gelatin.  Colloid  cancer  is 
usually  considered  secondary  when  found  in  the  omen- 
tum. My  friend.  Prof.  Foster,  of  Queen's  College,  Bir- 
mingham, however,  has  lately  published  an  interesting 
example  of  the  primary  deposit.    He  describes  its  mi- 
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croscopical  characters  as  follows  :  "The  stracture  of  the 
tumour  possessed  a  distinct  capsule,  to  which  I  have 
alluded  above.  This  is  rarely  found  in  colloid  tumours, 
except  in  the  omentum.  The  smaller  nodules  on  the 
bladder  and  elsewhere  did  not  possess  any  very  distinct 
capsule.  When  examined  under  the  microscope,  sec- 
tions of  the  tumour  exhibited  the  nucleated  cells,  called 
colloid  corpuscles  by  Lebert.  Large  compound  cells 
were  also  observed,  containing  several  granular  nuclei  of 
various  sizes,  as  well  as  nucleated  cells.  The  fibrous 
tissue  was  also  distinctly  seen." 

Melanosis  need  scarcely  be  referred  to  as  a  separate 
form  of  cancer,  for  Carsivell  demonstrated  that  it  was  but 
any  other  form  stained  accidentally  by  pigment ;  thils, 
in  the  lungs,  eye,  sldn,  &c.,  it  most  frequently  occurs, 
for  they  normally  contain  pigment. 

As  regards  the  nature  of  cancer  much  uncertainty 
prevails,  some  modern  pathologists  believing  that  its 
germs  or  nuclei  are  carried  in  the  blood  (cancremia), 
others  that  it  is  only  a  local  perverted  nutrition.  It  is 
only  in  the  very  latest  stages,  when  the  cancer  is  being 
broken  up,  that  any  microscopical  or  chemical  exami- 
nation discovers  any  alteration  in  the  blood ;  then  nuclei 
and  other  debris,  and  fibrin  to  the  amount  of  17  per 
1,000,  have  been  found. 

Physical  Alterations  of  texture  are  frequent  results 
of  perverted  nutrition,  and  examples  of  each  kind  will 
be  readily  remembered.  1.  Hardening  is  often  the 
result  of  chronic  inflammation,  as  in  cirrhosis  of  the 
liver,  lung,  and  other  organs,  or  may  follow  the  frequent 
determination  of  blood — the  ivory-like  condition  of  the 
inner  table  of  the  skull,  especially  of  the  insane,  is  an 
example.  2.  Softening  is  nearly  always  a  sequence  of 
inflammation,  the  increased  effusion  of  serum  or  pus  pro- 
ducing the  change.  That  which  brain  substance  under- 
goes is  either  of  this  kind,  produced  by  insuflicient 
supply  of  blood,  or  by  fatty  degeneration,  and  these 
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three  varieties  are  known  respectively  as  the  red,  white, 
and  yellow  ramollisement.  8.  Contraction  is  most 
generally  the  effect  of  organised  lymph,  which,  when 
formed  in  the  sub-mucous  tissue  of  canals,  produces 
stricture  ;  and  in  front  of  this  narrowing  the  calibre  be- 
comes diminished  in  proportion  to  the  decreased  bulk  of 
the  matters  which  pass  through  it.  4.  Dilatation  fol- 
lows the  accumulation  of  contents  in  hollow  organs 
which  become  too  weak  to  expel  them,  and  is  exemplified 
in  the  heart,  air-cells,  colon,  &c.  5,  6,  7.  Obstruction, 
compression,  and  displacement  are  mechanical  alter- 
ations which  often  result  from  aneurismal  or  other  tu- 
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mours,  or  from  great  effusions.  A  well  known  example, 
pleural  effusion,  will  so  obstruct  and  compress  the  lun 
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as  to  deprive  it  of  all  air,  and  will  displace  the  heart  far 
from  its  normal  site.  8.  Kupture  of  the  heart  may 
result  from  excessive  action  when  disease  has  softened 
its  testm'e. 

I  have  been  tempted  to  introduce  the  foregoing  illus- 
tration of  a  case,  I  believe  unique — namely,  one  of  gene- 
ral emphysema  quite  idiopathic — as  the  child  (a  patient, 
some  years  ago,  in  the  South  Eastern  Hospital)  never  re- 
ceived any  mechanical  injury,  or  was  not  the  subject  of 
any  septic  disease. 

QUESTIONS  FOR  EXAmNATION. 

JUNIOR. 

1.  How  does  a  tumour  differ  from  an  hypertrophy  ?  Mention 
the  two  great  divisions  of  them. 

2.  Mention  some  contents  of  proliferous  cysts. 

3.  What  benign  tumours  are  hardest  after  bone  ?  Describe  the 
obvious  characters  on  section. 

4.  "What  tissues  may  be  the  seat  of  vascular  tumours  ?  Have 
they  been  found  as  outgro^Tths  on  a  naturally  erectile  tissue  ? 

5.  Mention  the  frequent  seats  and  microscopical  characters  of 
epithelioma. 

6.  What  are  the  kinds  of  cancer  ?  Contrast  them,  and  state 
the  most  frequent  seats  of  each. 

7.  Mention  a  few  examples  of  physical  alterations  produced  in 
tissues  by  perverted  nutrition. 

SENIOR. 

1.  Enumerate  the  sub-varieties  of  cystic  and  solid  tumours. 

2.  Explain  the  opinions  entertained  of  the  natm"e  of  "  encysted 
hydrocele"  of  the  testis,  especially  that  of  MuUer. 

3.  Under  what  heads  as  tumours  would  you  place  the  common 
]  nasal  polypus,  and  the  pendulous  tumour  of  O'Ftrrall  ? 

I  4.  Mention  a  few  adenoid  tumours.  Who  described  the  most 
frequent  of  them  first  ? 

5.  State  the  points  of  resemblance  and  of  difference  between 
recurrent  fibroid  tumours  and  cancer. 

1    6.  Is  it  important  to  ascertain  the  position  of  orbital  cancerous 
i  tumours  with  respect  to  the  tunica  vaginalis  ocuh? 
•    7.  What  are  the  abnormal  states  of  the  blood  in  cancer  ? 
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ABNORMAL  INNERVATION. 


The  great  subject  of  the  lesions  of  innervation  is  so  in- 
separably connected  with  special  pathology,  that  I  must 
content  myself  with  giving  definitions  merely  of  the 
more  important  varieties  of  nervous  disorders.  Detailed 
descriptions  seem  the  less  necessary  as  the  abnormal 
nutritive  changes  we  have  been  just  discussing  consti- 
tute the  essence  of  many  lesions  heretofore  considered 
peculiarly  nervous  :  for  example,  Brown- Seqiiard  has 
shown  that  all  forms  of  paraplegia  are  either  due  to  an 
increased  or  to  a  decreased  quantity  of  blood  in  the 
spinal  cord.  Our  knowledge  of  the  pathology  of  inner- 
vation is  not  at  all  commensurate  with  that  of  the  func- 
tion of  nutrition,  but  recent  advances  in  the  physiology 
of  this  system  have  been  already  followed  by  con-espond- 
ing  additions  to  our  knowledge  of  its  morbid  changes. 
When  the  student  has,  therefore,  mastered  the  subject 
of  healthy  innervation,  he  will  be  enabled  to  study  with 
advantage  its  diseases,  which  are  fully  treated  of  in  the 
masterly  works  of  Hughes  Bennett,  Brown-Sequard, 
Russell  Reynolds,  and  especially  in  Romhenfs  monograph, 
translated  for  the  Sydenham  Society  by  Dr.  Sieveking. 

Cerebral  diseases  constitute  the  first  class  of  the  ab- 
normal states  of  the  nervous  centres,  and  they  have 
their  seat  in  the  interior  or  in  the  convolutions  of  the 
hemispheres.  The  principal  varieties  are  as  follows  : 
1.  Insanity,  or  unsoundness  of  mind,  which  has  been 
subdivided  as  follows  by  Tuke  and  Bucknill : 
Idiocy  (including  imbecility  and  cretinism). 


Dementia 


Delusional  Insanity 


Primary  and  Secondary. 
Melancholic. 
...  •  Exalted. 


Emotional  Insanity 


,  Destructive. 
Melancholic. 
■  Exalted. 


Mania 


Destructive. 
Acute  and  Chronic. 
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2.  Unconsciousness,  which,  if  characterised  by  pro- 
longed somnolency,  is  termed  "  trance,"  or,  if  associated 
with  mental  excitement,  "  ecstasy."  3.  Apoplexy, 
which  may  be  defined  as  sudden  loss  of  mental,  sen- 
sorial, and  motorial  power  dependent  on  cerebral  cause. 
According  to  its  anatomical  nature,  apoplexy  is  either 
simple  or  congestive,  sanguineous  or  serous ;  and  accord- 
ing to  symptoms,  Ahercrombie  divided  the  disease  into 
primary,  non-primary,  and  paralytic — which  latter  is 
popularly  known  as  a  "  paralytic  stroke."  Syncope  and 
apnoea  present  the  same  nervous  conditions  as  apoplexy, 
but  the  heart  and  lungs  are  respectively  the  seats  of 
these  pathological  states.  Narcotic  poisons  generated 
in  the  blood,  as  urea ;  or  introduced  from  without,  as 
opium,  alcohol,  or  chloroform — and  those  agents  which 
produce  the  condition  surgically  termed  "  compression," 
depressed  bone,  or  effused  blood,  serum  or  pus,  for  ex- 
amples— give  rise  to  coma,  which  is  not  always  readily 
distinguishable  from  apoplexy.  Saltatory  movements, 
tremors,  perverted  ideas,  delirium,  somnambulism,  pros- 
tration by  fright  or  surprise,  vertigo,  head- ache,  feelings 
of  lightness  or  heaviness,  &c.,  are  nervous  symptoms 
which  cannot  be  connected  with  any  positive  patho- 
logical state. 

II.  Spinal  diseases,  in  which  both  the  cord  and  its 
intra-cranial  prolongation  are  engaged,  their  functions 
being  either  decreased,  increased,  or  perverted.  1.  Irri- 
tation— indicated  by  hypertesthesia,  or  increased  sensibi- 
lity or  pressure  along  the  vertebral  column,  "  often  as- 
sociated with  a  variety  of  neuralgic,  convulsive,  spasmodic, 
or  paralytic  disorders,  affecting,  in  different  cases,  all 
the  organs  and  viscera  of  the  body,  and  so  giving  rise  to 
an  endless  number  of  morbid  states"  {Bennett).  2.  Hys- 
teria— a  combination  of  mental,  sensorial,  or  motorial 
symptoms,  occurring  paroxysmally,  imitating  almost  every 
known  disease,  and  which  is  probably  connected  with 
uterine  malady.  3.  Chorea — irregular  clonic  convulsions 
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of  the  muscles  of  the  face  and  limbs  especially,  occurring 
wholly  or  partly  beyond  voluntaiy  control,  and  increasing 
in  violence  if  predetermined  associated  movements  are 
attempted.  4.  Convulsions — tonic  or  clonic  spasms  of 
the  muscles,  usually  of  a  reflex  character,  and  therefore 
considered  as  centric  spinal  diseases  by  Marshall  Hall. 
5.  Tetanus — tonic  spasm  of  the  voluntary  muscles,  and 
especially  of  those  of  respiration.  The  following  terms 
are  applied  to  the  disease  according  to  the  part  of  the 
body  affected.:  trismus,  if  the  masticatory  muscles  ai'e 
engaged  ;  opisthotonos,  if  the  body  is  drawn  backwards 
by  those  of  the  back  ;  emprosthotonos,  if  drawn  forwards 
by  those  of  the  front  of  the  neck  and  abdomen  ;  and,  if 
bent  to  one  side,  pleurosthotonos.  6.  Hydrophobia — 
spasms  of  the  muscles  of  deglutition  and  respiration, 
from  increased  reflex  excitability,  and  induced  by  the 
sight  of  fluids  or  eff'orts  to  drink  them.  7.  Hemiplegia — 
loss  of  motion  of  one  lateral  half  of  the  body,  dependent 
on  some  pathological  condition  of  the  intra-cranial  pro- 
longation of  the  cord,  or  that  above  the  decussation  of 
the  fibres  of  the  pyramids.  8.  Paraplegia — paralysis  of 
the  muscles  below  a  transverse  line,  dependent  on  lesions 
of  the  cord  below  the  decussation  of  the  fibres  of  the 
pyramids.  The  two  latter  lesions  were  sub-divided  by 
Todd  according  as  the  muscles  were  in  a  rigid  or  relaxed 
state.  9.  Wasting  Palsy,  the  "  paralysie  musculaire 
atrophique"  of  Cruveilhier,  in  which  organic  change  in 
the  muscle  substance  is  the  primary  lesion. 

III.  Cerebro-spinal  diseases,  or  those  aflecting  both  the 
hemispheres  and  the  cranio-spinal  axis.  1.  Catalepsy. 
Unconsciousness,  with  a  peculiar  condition  of  the  muscu- 
lar system,  so  that  when  any  part  of  the  body  is  placed 
in  any  position  ordinarily  fatiguing,  it  remains  rigidly 
fixed,  and  even  the  countenance  retains  whatever  ex- 
pression it  may  have  had  at  the  time  of  seizure.  2. 
Epilepsy.  Loss  of  consciousness,  usually  sudden,  com- 
bined with  convulsions — tonic  at  first,  clonic  afterwards, 
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and  followed  by  fatigue  and  sleep.  The  symptoms  of 
the  affection  are,  however,  most  various,  and  range  in 
all  degrees  between  the  "petit  mal"  and  "grand  mal" 
of  the  French  writers.  3.  Eclampsia,  A  form  of  epi- 
lepsy, acute,  as  it  were,  and  usually  due  to  poisoning,  or 
developed  in  the  parturient  female,  or  in  infants. 

IV.  Neural  diseases,  engaging  the  nerves  only.  1. 
Neuralgia.  Pain  along  the  course  of  a  nerve,  with- 
out any  discoverable  pathological  condition,  and  usually 
periodic.  2.  Subjective  Special  Sensations — as  pru- 
ritus or  formication,  affecting  those  of  the  skin ;  perverted 
tastes,  the  gustatory  nerve ;  increased  or  perverted  sensi- 
tiveness to  smells,  in  the  olfactory  nerve ;  tinnitus  aurium, 
affecting  the  portio  mollis ;  and  ocular  spectra,  or  flashes 
upon  the  optic  nerve.  3.  Local  Spasms  of  special 
muscles,  as  cramp  ;  or  muscular  viscera,  as  spastic  dis- 
phagia,  due  to  irritation  of  their  motor  filaments.  4. 
Local  Palsy,  or  loss  of  function  in  muscles  supplied 
by  some  special  nerve,  as  the  facial,  or  in  those  of  com- 
mon sensation  (anesthesia),  taste  (ageustia),  smell  (anos- 
mia), sight  (amaurosis),  or  hearing  (cophosis). 

The  last  group  of  the  abnormal  conditions  of  innerva- 
tion, as  arranged  by  Hughes  Bomett,  is, 

"  V.  Neuro-Spinal  disorders,  in  which  both  the  nerves 
and  spinal  cord  are  affected : 

"DiASTALTic  OR  Reflex  Actions. — To  this  class  be- 
long all  those  diseases  depending  on  irritation  of  the 
extremity  of  a  sensitive  nerve,  acting,  through  the  cord 
and  motor  nerves,  on  the  muscular  system,  and  producing 
a  variety  of  spasmodic  disorders,  local  or  general,  far 
too  numerous  to  mention,  which  can  only  be  understood 
by  a  thorough  knowledge  of  the  physiology  of  the  dias- 
taltic  or  excito-motory  system  of  nerves." 

questions  for  examination. 

JUNIOR. 

1.  Mention  a  few  purely  cerebral  diseases. 

2.  Give  the  anatomical  division  of  apoplexy,  and  Abercrombic's. 
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3.  Sketch  the  pathology  of  tetanus. 

4.  How  do  hemiplegia  and  paraplegia  differ  as  regards  cause? 

5.  Give  some  examples  of  subjective  special  sensations. 

6.  "What  names  are  apphed  to  the  lost  senses  ? 

SENIOR. 

1.  What  connexion  can  you  show  between  abnormal  states  of 
nutrition  in  neiTous  centres  and  morbid  phenomena,  usually  con- 
sidered peculiar  to  them 

2.  What  are  the  principal  varieties  of  insanity  ? 

3.  Enumerate  all  the  causes  of  coma  which  you  remember. 

4.  What  diseases  are  attended  with  clonic  spasm,  and  distinguish 
those  which  are  reflex 

5.  Is  there  any  form  of  palsy  inherent  to  muscles  ?  Who  first 
recognized  it 

6.  Contrast  the  phenomena  of  catalepsy,  epilepsy,  and  eclampsia. 
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Vegetal  and  animal,  infest  the  human  body.  Both  have 
been  classified  according  to  their  position  ;  some  plants 
living  on  the  surface — epiphjiia ;  others  dwelling  in  mu- 
cous cavities — entophyta ;  and  animal  parasites  can  be 
similai'ly  arranged  as  a  epizoa  and  entozoa. 

I.  Vegetal.  1.  Sarcina  ventriculi — an  alga  disco- 
vered by  Goodsir  in  vomited  matters  which  usually  are 
fermenting.  Administration  of  the  sulphites  which  evolve 
sulphurous  acid  efficiently  checks  their  production.  It 
has  been  found  in  the  urine,  faeces,  fluid  of  cerebral 
ventricles,  and  in  a  pulmonary  abscess.  2.  Torula 
cerevisiffi — the  yeast  plant,  which  frequently  forms  on 
saccharine  urine,  and  has  been  found  on  various  parts 
of  the  alimentary  passage,  probably  brought  there  by 
beer  or  other  fermenting  matters.  In  cholera  patients 
it  has  been  discovered  in  the  vomit ;  but  it  does  not  seem 
to  have  any  important  connexion  with  that  disease,  as 
once  supposed.  3.  Leptothrix  buccalis — a  small  yellow- 
ish mass  which  is  found  on  the  tongue,  mixed  with  the 
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fur  or  epithelium,  unless  it  be  morbidly  clean.  The 
foregoing  are  the  most  accredited  algae  which  have  been 
found  in  man.  Fungi  are  nearly  as  frequent.  1.  Peni- 
cillium  glaucum — which  occurs  in  urine,  vomited  mat- 
ters, and  faeces,  2.  Trichophyton  tonsurans — which 
lodges  in  the  hair  bulb  and  shaft.  The  variety  of  pity- 
riasis termed  versicolor  is  said  to  depend  on  this  plant 
by  some ;  by  others  upon  the  microsporon.  This  dis- 
ease is  contagious,  as  also  are  the  forms  of  tinea  capitis, 
which  depend  upon  the  same  fungus.  3.  Achorion 
Schoenleinii — the  plant  which  constitutes  the  disease 
known  as  porrigo  favosa,  or  "  true  scald-head."  Bennett 
proved  its  contagiousness  by  inoculation.  Sycosis  menti 
depends  probably  on  the  same  parasitic  plant.  4.  Oidium 
albicans — the  fungus  found  in  thrush,  aphthae  or  muguet, 
and  in  diptheria.  Other  less  known  vegetal  parasites 
are  described  in  the  great  monograph  of  Kuchenmeister, 
translated  for  the  Sydenham  Society  by  Dr.  Lankester  ; 
and  one  plant  has  been  found  even  infiltrated  into  the 
bones  of  the  lower  extremity,  producing  the  disease  known 
as  "fungus  foot,"  in  India. 

II.  Animal.  A.  Epizoa.  1.  The  pediculus,  or  louse — 
an  hemipterous  insect  inhabiting  various  parts  of  the 
surface  of  the  body,  such  as  scalp  and  pubis,  or  burrow- 
ing and  multiplying  enormously  in  subcutaneous  cavities. 
So  is  constituted  the  disease,  morbus  pediculosus.  Pedi- 
culi,  taken  from  these  different  places,  have  slight  zoo- 
logical peculiarities.  2.  Pulex,  or  flea — a  dipterous 
insect  of  well-known  habits.  3.  Pulex  penetrans,  or 
chigoe — a  troublesome  parasite,  chiefly  found  in  South 
America.  4.  The  acarus  scabiei,  or  itch  mite — an  ani- 
mal which  was  demonstrated  to  be  the  cause  of  scabies 
by  Renucci,  a  medical  student.  Latreille  named  the 
genus,  sarcoptus.  5.  Entozoon  folliculorum — discovered 
by  Simon  in  the  sebaceous  follicles  of  even  healthy  indi- 
viduals, but  produced  in  great  numbers  in  persons  with 
coarse  greasy  skin.    It  is  represented  on  page  332. 
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B.  Entozoa. — Of  which  the  helmintha  or  intestinal 
worms  are  by  far  the  most  important  for  the  physician 
to  study.  They  may  be  classified  in  three  groups: 
Nematoidea,  Trematoda,  and  Cestoidea,  which  include 
in  all  29  species — a  number  which  may  be  gradually  re- 
duced, as  some  of  them  are  probably  but  larval  forms. 

I.  Nematoidea.  1.  Ascaris  lumbricoides,  or  common 
round  worm,  found  in  the  small  intestines,  especially  in 
children.  2.  Ascaris  alata,  discovered  by  Dr.  Bellingham, 
and  the  specimen  is  preserved  in  the  Pathological  Mu- 
seum of  St.  Vincent's  Hospital.  Kuchemneister ,  without 
the  slightest  foundation,  doubts  that  it  is  "  a  worm  at 
all."  It  is  so  named  from  two  membranous  wings  on 
the  anterior  extremity.  It  exists  in  almost  every  domes- 
tic cat.  3.  Oxyurus  vermicularis,  or  thread-worm,  which 
lie  in  clusters  in  the  rectum.  4.  Trichocephalus  dispar, 
a  worm  which  was  known  to  Morgagni.  It  is  so  com- 
mon that  in  29  persons  who  died  in  St.  Vincent's  Hos- 
pital of  various  diseases,  Dr.  Bellingham  found  it  in  26, 
in  one  of  whom  119  existed.  Its  habitat  is  the  coecum. 
5.  Trichina  spiraHs,  an  entozoon  discovered  by  Owen  in 
the  voluntary  muscles.  It  was  believed  to  be  the  larva 
of  the  preceding  species  by  Kuchemneister ;  but  Virchoiv, 
by  experiments  on  rabbits,  has  proved  that  it  is  a  distinct 
animal.  Its  introduction  into  the  human  body  in  meat 
has  produced  death,  with  symptoms  like  those  of  typhus 
fever.  6.  Anclystomum  duodenahs,  discovered  in  the  gut 
from  which  it  is  named.  7.  Strongylus  renalis,  which 
has  been  said  to  attain  six  feet  in  length.  8.  Strongy- 
lus longevaginatus,  distinguished  by  a  sheathed  penis, 
and  hence  so  named,  was  found  in  the  lung.  9.  Spirop- 
tera  hominis,  which  was  discharged  from  the  bladder. 
10.  Filaria  medinensis,  or  Guinea-worm,  a  formidable 
parasite  which  burrows  in  the  subcutaneous  and  inter- 
muscular areolar  tissue.  11.  Filaria  oculi,  found  in  the 
,  globe  of  the  eye  and  lacrymal  passages.  12.  Filaria 
lentis,  found  by  Grcefe  in  a  lens  he  had  extracted.  13. 
Filaria  lymphatica  was  found  in  the  bronchial  glands. 


PARASITES. 


489 


II.  Trematoda.  14.  Thecosoma  sanguicola — or  dis- 
toma  hoematobium,  as  Bilharz,  its  discoverer,  named  it — 
a  woim  found  in  the  blood  of  the  portal  system.  16. 
Distoma  hepaticum,  or  liver  fluke,  an  animal  about  an 
inch  long  found  in  the  biliary  vessels.  16.  Distoma 
lanceolaum,  another  species  occupying  the  same  situ- 
ation. 17.  Distoma  ophthalmobium  has  been  found 
between  the  lens  and  its  capsule.  18,  Distoma  hetero- 
phyes  in  the  intestines.  19.  Distoma  Buskii,  which  its 
discoverer  found  in  the  duodenum,  some  of  them  beins 
3  inches  long.  20.  Festucaria  lentis,  of  which  8  were 
found  in  a  lens  the  seat  of  senile  cataract, 

III.  Cestoidea.  21.  Taenia  communis,  the  well-known 
tape-worm  of  this  country.    Its  larva  is  known  as  cysti- 


Head  of  Cysticercus. 

I  cercus  cellulosae,  the  animal  which  infests  swine  espe- 
cially, rendering  their  flesh  "measly,"  and  is  capable  of 
producing  the  tape-worm  of  man.  The  head  of  this 
latter  parasite  is  represented  in  the  accompanying  wood- 
cut.   22.  Taenia  nana.    23.  Taenia  flavopuuctata.  24. 
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Taenia  echinococcus.    The  larva  of  this  worm  is  usually 

called  echinococcus,  and  the 
>^  cavity  in  which  it  lives  is 

^  f  usually  known  as  an  hyda- 


tid. 25.  Ta3nia  inermis. 
26.  Taenia  acanthotrias.  27. 
Taenia  tenuicollis ;  and  28. 
Taenia  dentalis  are  rare,  or 
even  of  doubtful  existence. 


Infusorial  animalcules  also  find  a  nidus  in  the  human 
body.  The  following  five  species  are  described  :  1.  Para- 
mecium, found  in  intestinal  mucus.  2.  Cercomonas,  dis- 
covered in  the  stools  in  cholera  and  diarrhoea.  3.  Tri- 
chomonas, found  in  vaginal  mucus.  4.  Virgulina,  which 
occurs  in  the  tartar  around  the  teeth;  and  5.  Vibrio,  the 
smallest  of  all  human  parasites  ;  it  has  been  chiefly  ob- 
served in  mucous  discharges  and  those  of  cholera. 


1.  How  are  human  parasites  primarily  divided,  and  how  sub- 
divided according  to  their  position  ? 

2.  Give  examples  of  skin  diseases  due  to  plants. 

3.  Mention  the  chief  examples  of  hematoid  worms. 

4.  Which  is  the  most  frequent  tape-worm  ?    Describe  its  lan'a. 


1.  "What  plant  is  most  frequently  cast  from  the  stomach  ?  Wlio 
discovered  it  ? 

2.  Mention  some  examples  of  epizoa. 

3.  "What  variety  of  intestinal  worm  was  discovered  by  Br. 
Bellingham  ? 

4.  What  parasites  have  been  introduced  in  the  human  body  by 
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EXAMINATION  PAPERS 


ON 

PHYSIOLOGY  AND  PATHOLOGY, 

Eecently  issued  by  the  principal  examining  bodies  in  Ireland  and  England, 
arranged  in  the  order  of  this  work,  the  number  after  each  question 
referring  to  the  page  where  the  subject  is  discussed. 


UNIVERSITY  OF  DUBLIN. 

Degrees  of  M.B.,  Lie.  Med.,  and  M.C.  Examinations. 

Examiners — Professors,  Harrison  M'Dowel,  Stokes,  Law,  R.  W- 
Smith,  and  Apjohn. 

NATURAL  HISTORY  OF  MAN. 

Give  the  cranial  vertebrae  as  distinguislied  by  Owen.  25. 

CHEMISTRY  OF  MAN. 

In  what  situations,  and  under  what  circumstances,  have  "  amy- 
loid" substances  been  met  with  in  human  structures  }  42,  et  postea. 

The  cliemical  composition  of  fatty  matters,  and  tlieir  uses  in  the 
animal  economy  ?  43. 

What  are  the  principal  proteinic  compounds  of  the  animal  body, 
and  what  the  characters  by  which  they  are  distinguished  from  each 
other 45. 

How  is  a  solution  of  gelatine  obtained,  and  what  are  the  par- 
ticulars in  which  it  differs  from  one  of  albumen  Mention  also 
the  two  vegetable  acids,  solutions  of  which  are  best  distinguished 
by  one  of  gelatine.  48. 

DIGESTION. 

Is  the  sanative  action  of  stimulants  in  asthenic  diseases  to  be 
attributed  to  their  action  as  food  alone  ?  53. 

What  proximate  principles  must  enter  into  the  composition  of 
ood,  to  fit  it  for  the  permanent  nutrition  and  health  of  the  higher 
animal  ?  55. 

Is  there  any  single  substance  which  combines  all  the  elements 
essential  for  nutrition,  and  which,  therefore,  may  be  regarded  as  a 
model  ahmentary  substance  ?  58. 
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Wliat  experiments,  and  by  whom  instituted,  prove  that  the  food 
of  the  higher  animal,  in  order  to  sustain  Ufe  and  health,  must  be 
varied  ?  57. 

What  remarkable  local  lesion  occurred  in  the  cases  where  the 
necessity  for  the  variation  of  the  food  was  estabMshed  ?  57. 

Mention  the  different  varieties  of  epithelium,  and  give  examples 
of  each.  64. 

Describe  the  mucous  membrane  of  the  stomach  in  man  ?  77. 
The  composition  of  the  pancreatic  secretion,  and  its  supposed 
uses  in  digestion.  86. 

BLOOD. 

What  is  Mailer's  proof  of  the  dependence  of  the  coagulation  of 
the  blood  on  the  solichfication  of  the  fibrin  previously  in  solution 
in  the  hquor  sanguinis,  and  not  on  the  aggregation  of  the  cor- 
puscles? 121. 

CIRCULATION. 

Describe  and  explain  the  phenomena  of  the  pulse ;  and  state  its 
normal  varieties,  depending  on  age,  sex,  &c.  136. 

How  does  posture  affect  the  pulse  ?  Is  this  influence  equally 
operative  in  all  conditions  of  the  economy ;  and  if  not,  what  are 
the  different  states  of  the  system  by  which  it  is  modified  ?  136. 

State  the  proofs  of  the  existence  of  a  "  capillary  force"  as  an 
agent  in  the  circulation  of  the  blood.  146. 

Why  did  natm-e  deviate  from  her  ordinary  course  of  Mning  canals 
with  mucous  membrane  in  the  case  of  blood-vessels  ?  139. 

RESPIRATION. 

Describe  the  muscular  apparatus  of  the  trachea,  and  assign  its 
probable  functions.  151. 

Describe  the  minute  anatomy  of  the  lung,  and  the  arrangement 
of  the  pulmonary  capillaries.  152. 

Describe  the  "functions  of  respu-ation  and  enumerate  the  princi- 
pal agents  in  inspu-ation  and  in  expiration.  State  the  changes 
which  are  effected  by  this  function  upon  the  atmosphere  and  upou 
the  blood.  154. 

Wliat  is  the  composition  of  expired  air,  and  how  is  its  analysis 
made?  Mention  also  the  experiments  which  have  induced  physiolo- 
gists to  conclude  that  its  carbonic  acid  is  formed,  not  in  the  lungs, 
but  in  the  course  of  the  circulation.  What  is  Liebig's  theory  of 
animal  heat?  162. 

SECRETION. 

What  secretions  produce  the  greatest  amount  of  mischief  by 
theii  retention  in  the  system?  177. 

Give  examples  of  excito  secretoiy  nervous  actions.  179. 


EXAMINATION  PAPERS. 


493 


The  structural  anatomy  of  the  lobules  of  the  liver.  184. 
Mention  the  origin,  course,  and  function  of  the  vena  portae. 
180. 

Mention  the  colour  tests  for  bile,  and  those  constituents  of  it 
on  which  the  action  of  each  depends.  189. 

Give  the  general  results  of  analysis  of  biliary  concretions  ?  188. 

In  what  pai-t  of  the  circulating  system  is  sugar  normally  present; 
what  is  its  source ;  and  how  is  it  got  rid  of?  192. 

Illustrate  the  connexion  that  exists  between  the  nervous  in- 
fluence and  glucogenesis  ?  193. 

Wliat  vessels  in  the  kidney  are  analogous  to  the  portal  vein  in 
the  hver;  and  why?  201. 

In  what  part  of  the  kidney  is  the  separation  of  the  solid  matters 
of  the  mine  effected  ?  203. 

State  the  sources  of  m-ea,  the  average  diurnal  amount  excreted, 
and  the  circumstances  wliich  increase  or  diminish  that  quantity. 
208. 

Write  the  formula  of  lithic  acid ;  mention  its  principal  sources  ; 
the  mode  of  separating  it  fi'om  the  urine ;  and  the  characters  by 
which  hthic  acid,  lithate  of  ammonia,  and  lithate  of  soda,  may  be 
distinguished  fi'om  each  other.  210. 

What  ai'e  kreatine  and  kreatinine  ?  213. 
What  is  the  name  and  what  the  formula  of  the  copulated  acid 
discovered  by  Liebig  in  hmnan  urine  ?  How  may  it  be  prepared 
from  the  lunne  of  the  cow,  and  what  ai'e  the  proximate  principles 
into  which  it  is  resolved  upon  being  boiled  with  muriatic  acid? 
212. 

What  is  the  name,  and  what  the  formula  of  the  animal  principle 
Ifirst  detected  in  urine  by  Petenkoffer,  and  how  did  he  procui-e  it  ? 
1213. 

What  is  Garrod's  experiment  for  the  diagnosis  of  gout  ?  211. 
What  confUtions  of  the  urine  shoidd  lead  to  a  suspicion  of  the 
isease  of  dia1)etes  mellitus  before  testing  for  sugar  ?  219. 

What  is  the  most  generally  received  opinion  as  to  the  pathology 
)f  diabetes  mellitus  ?  221. 

In  testing  for  albumen  by  heat,  or  by  the  feiTO-cyanide  of  potas- 
ium,  a  little  acetic  acid  should  first  be  added.  Why  is  this  the 
ase  ?  224. 

Name  the  urinary  calculus  which  contains  one-foiu:th  its  weight 
ifsulphui-;  write  its  formula ;  and  give  the  mode  of  effecting  its 
inalysis.  232. 

THE  DUCTLESS  GLANDS. 

Mr.  Simon's  theory  of  the  functions  of  the  thjToid  gland  ? 
43. 
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INNERVATION. 

Mention  the  origin  and  course  of  the  arteries  of  the  brain,  and 
describe  the  peculiar  arrangements  of  the  arteries  and  veins  within 
the  cranium.  260. 

The  appearances  seen  on  making  a  transverse  section  of  the  me- 
dulla spinalis  about  its  centre?  264. 

Mention  the  results  that  have  been  uniformly  obsei-ved  to 
follow — 

a.  A  transverse  section  of  the  posterior  columns  of  the  spinal 
cord. 

i.  A  longitudinal  section  of  the  spinal  cord  in  the  middle  line. 

c.  A  transverse  section  of  one-half  of  the  spinal  cord.  270. 

Trace  the  fibres  of  the  pyramids  of  the  medulla  oblongata  from 
above  downwards.  275. 

What  are  the  peculiarities  of  the  organism  in  childhood  which 
explain  to  us  the  pathological  susceptibilities  of  that  period  of 
life  ?  268. 

The  supposed  functions  of  the  corpora  striata  and  thalami  optici 
280. 

The  connexions  of  the  optic  thalami  ?  280. 
The  special  functions  assigned  to  the  sympathetic  nervous 
system  .>  290. 

What  effects  have  been  observed  as  the  result  of  the  section  of 
the  sympathetic  nerves  in  the  neck  ?  292. 

MOTION. 

The  microscopic  characters  of  cartUage,  and  of  white  and  yellow 
fibrous  tissue.  298. 

What  are  the  phenomena  of  active  muscular  contraction 31(i. 

What  causes  may  be  assigned  for  the  development  of  heat  dur- 
ing muscular  contraction  ?  318. 

The  chemical  composition  of  bone.  306. 

Describe  and  contrast  active  and  passive  muscular  contractilitj', 
and  enumerate  the  stimuU  which  produce  muscular  action.  316. 

SPECIAL  SENSES. 

What  is  the  structure  of  the  so-called  Pacinian  bodies 336. 

In  w4iat  particulars  do  the  fifth  pair  differ  from,  and  in  what 
do  they  resemble  the  spinal  nerves 345. 

The  nervous  supply  of  buccinator,  digastric,  stylo-hyoid,  and 
sterno-thyroid  muscles  respectively  ?  346. 

Define  the  limits  of  the  proper  olfactory  region.  349. 

Describe  the  structures  which  compose  the  upper  eyelid.  353. 

Describe  the  phenomena  which  result  from  a  lesion  of  tiie  tniuk 
of  one  of  the  nerves  of  the  third  pair.  357. 
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How  does  the  crystalline  lens  derive  its  nutrition  ?  367. 

The  structures  of  which  the  retina  is  composed  ?  368. 

Describe  the  conditions  of  the  human  eye  which  produce  ach- 
romatism. 377. 

What  are  the  cerebral  connexions  of  the  optic  nerves  ;  give  the 
sources  of  the  nervous  supply  of  the  iris  371. 

Enumerate  all  the  branches  of  the  pneunaogastric  nerve ;  and 
assign  the  functions  of  each,  respectively.  395. 

What  are  the  functions  of  the  superior  and  inferior  laryngeal 
nerves  ?  Give  any  evidence  of  theu-  function  derived  from  experi- 
ment or  disease.  396. 

BEPRODUCTION. 

"V^Tiat  are  the  "  arteria  helicinae,"  and  who  described  them  ?  404. 
Describe  the  connexion  and  structure  of  the  ovaries.  405. 
Describe  the  circulation  of  the  blood  in  the  foetus,  and  the  pecu- 
liarities in  the  heart  at  that  age.  412. 

PRINCIPLES  OF  DISEASE. 

Describe  the  symptoms  of  leucocythaemia,  its  progress,  termina- 
tion, and  pathology.  422. 

What  is  natm'e's  expedient  to  prevent  the  general  contamination 
of  the  cu-culation  in  cases  of  purulent  phlebitis  ?  427. 

What  do  you  understand  by  zymotic  diseases  ?  431,  and  "  Lec- 
tures on  Public  Health." 

Describe  the  appearances  of  the  blood  by  inflammation,  and  ex- 
1  plain  the  formation  of  the  buffy  coat.  444. 

i  In  what  cases  are  the  adhesions — the  result  of  inflammation  of 
i  serous  membranes — injurious  ?  and  in  what  cases  are  they  bene- 
Ificial?  447. 

I  In  what  general  condition  do  we  most  meet  with  the  fatty  liver  ? 
1445. 

May  the  existence  of  a  certain  amount  of  oil  globules  occur  in  a 
.  liver  not  diseased?  445. 

I  What  are  the  pathological  characters  of  osteo-aneurism  ?  Give 
Ishort  abstract  of  the  observations  of  Breschet  and  Handyside  upon 
(this  disease.  467. 

1  How  many  diff'erent  kinds  of  softening  of  the  brain  has  Roki- 
tanski  described  ?    What  is  the  nature  of  each  ?  479. 

How  many  kinds  of  cerebral  softening  are  there 479. 

State  fully  what  is  meant  by  "reflex  paraplegia."  484. 


496 


EXAMINATION  PAPERS. 


QUEEN'S  UNIVERSITY. 

M.D.,  Pass  and  Honour  Examinations. 

Examiners — Professors  Carlile,  Croker  King,  Corbett,  M' Dowel, 
M'Donnell,  Wharton,  and  Hughes. 

INTRODUCTION. 

Explain  briefly  what  you  mean  by  vital  force.  16. 

Define  the  term  cell,  as  used  in  physiological  language,  and  state 
in  general  terms  the  varied  offices  which  have  been  assigned  to 
cells.  13. 

"What  structures  in  the  body  ai-e  permanently  ceUular  ?    1 4. 

NATURAL  HISTORY  OF  MAN. 

The  excessive  development  of  certain  teeth  and  the  action  of 
certain  muscles  communicate  a  savage  and  ferocious  expression  to 
the  human  countenance  ;  explain  why  such  should  be  the  case.  20. 

What  circumstances  in  the  construction  of  the  human  skeleton 
prove  that  the  erect  position  is  natural  to  man  ?  17. 

Enumerate  the  cranial  vertebrae,  according  to  Owen.  25. 

Mention  what  constitute  thek  hoemal  arches.  27. 

What  is  animal  dextrine  ?  Where  is  it  principally  met  with, 
and  what  are  its  chief  chai'acteristics  ?    42,  et  postea. 

CHEMISTRY  OF  MAN. 

Give  an  account  of  adipose  tissue  and  of  fat.  State  the  compo- 
sition and  the  sources  of  fatty  matter.  Mention  the  amount  of 
fatty  matter  normally  present  in  the  blood  ?    43,  et  postea. 

Wliat  is  cholesterine Where  is  it  formed,  and  in  what  ex- 
cretion is  it  most  abundant  ?  44. 

To  what  cu-cumstance  does  the  solubility  of  albumen  appear  to 
be  due?  46, 

In  order  to  retain  fibrin  in  a  state  of  solution  what  conditions 
are  necessary  ?  47. 

What  do  you  understand  by  the  term  casein  ?  w^hence  is  it  ob- 
tained, and  in  what  respect  does  it  differ  fi-om  albumen 47. 

DIGESTION. 

For  what  different  purposes  is  ahment  required  by  man  ?  51. 

In  what  essential  particular  do  plants  and  animals  differ  in  the 
nature  of  their  food  ?  51. 

Classify  alimentaiy  substances  into  groups,  and  afford  an  outhnc 
of  theu-  composition,  also  of  theu-  relative  degrees  of  digestibility 
and  nutribility  52. 
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Has  the  supply  of  food  a  marked  influence  upon  the  size  of  the 
individual  ?  In  which  of  the  two  kingdoms,  animal  or  vegetable, 
is  the  result  most  manifest?  What  animal  tissue  is  directly  in- 
creased by  an  over  supply  of  food?  State  the  cu-cumstances  which 
favoui-  this  deposition  or  growth.  53,  et  postea,  and  "  Lectures 
on  Public  Health." 

What  are  the  most  favourable  conditions  for  fattening  animals  ? 
176. 

Enumerate  the  several  nutritive  principles  necessary  in  food  which 
is  capable  of  sustaining  the  entu-e  system.  57,  and  "  Lectures  on 
Public  Health." 

To  what  extent  is  gelatine  of  use  as  an  article  of  food  ?  56. 

What  appears  to  be  the  most  satisfactory  explanation  which  has 
been  afforded  as  to  the  cause  of  the  sensation  of  hunger  ?  61. 

Cases  have  been  recorded  of  human  beings  having  lived  for  years 
without  food ;  prove  on  physiological  principles  that  life  could  not 
have  continued  under  such  circumstances  ?  62. 

How  do  you  know  that  the  sensation  of  hunger  is  not  produced 
by  mere  emptiness  of  the  organ,  or  by  the  action  of  the  gastric 
fluid  upon  its  coats  ?  61. 

Suppose  a  human  being  to  die  of  starvation,  which  tissue  loses 
most  weight,  which  least  ?  62. 

From  what  facts  does  it  appear  that  the  sensation  of  thirst  fre- 
quently depends  upon  a  deficiency  of  fluid  in  the  body  ?  63. 

What  is  the  general  structure  of  mucous  membrane,  and  what 
pm-poses  does  its  epithelium  serve  ?  64. 

Describe  the  appearance  of  ciliated  epithelium,  and  explain  what 
you  conceive  to  be  the  nature  and  cause  of  cihary  motion.  65  and 
296. 

Wliat  varieties  of  epitheUuni  are  met  with  on  the  mucous  mem- 
brane of  the  intestinal  canal  ?    65,  77,  87. 

Mention  the  different  classes  of  teeth.  State  the  appearance 
presented  on  maldng  a  vertical  section.  Describe  the  anatomical 
elements  of  the  teeth  and  theu-  microscopic  featm-es.  66. 

The  typical  dental  formula.  66. 

What  appearances  are  presented  by  vertical  and  transverse  sec- 
tions of  enamel  placed  in  the  field  of  a  microscope  ?  Describe  its 
mode  of  developement,  and  state  what  structure  of  the  lower 
animals  it  resembles.  68. 

Describe  the  development  of  a  tooth.  How  many  deciduous 
teeth  are  there  ?  69. 

The  microscopic  characters  and  composition  of  a  tooth.  67. 

Describe  the  processes  of  mastication  and  deglutition.    70,  73. 

Describe  the  composition  of  the  salivary  secretion,  and  its  use 
in  alimentation.  72. 

32 
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How  is  the  glottis  protected  during  deglutition  ?  75. 

In  what  part  of  the  alimentary  canal  is  sugar  generated  from 
starch  ?  What  interferes  with  this  development  in  the  stomach?  73. 

State  the  microscopic  characters  of  the  gastric  glands  or  folli- 
cles. 77. 

Describe  the  structural  anatomy  of  the  stomach.  77. 

Give  a  short  summary  of  the  nature  of  stomach  digestion.  79. 

Detail  the  reseai-ches  and  experiments  of  Dr.  Beaumont  on  the 
subject  of  digestion.  79. 

How  can  pepsine  be  obtained  and  what  is  its  supposed  action 
in  the  digestive  process  80. 

What  is  the  chief  agent  in  chymification  Who  first  detected 
it  ?     How  would  you  prepare  an  artificial  digesting  fluid 80. 

What  is  albuminose  80. 

If  white  of  eggs  be  swallowed  raw  what  changes  does  it  undergo 
in  the  stomach  80. 

If  brown  bread  be  eaten  mention  what  takes  place  in  the  diges- 
tion of  its  various  ingredients      59,  84. 

Is  an  organic  compound,  which  contains  elements  necessary  for 
nutrition,  of  necessity  nutritive  ?  59. 

How  has  the  action  of  the  gastric  fluid  on  sohd  food  been  studied 
by  different  obsei-vers  78. 

What  are  the  changes  which  food  undergoes  in  the  stomach  ?  81. 

Mention  the  experiments  of  Magendie  in  reference  to  the  cause 
of  vomiting.  83. 

Can  you  define  the  extent  of  the  alimentary  canal  which  is  en- 
gaged in  calorifacient  digestion  84. 

Describe  the  minute  structure  of  the  pancreas.  85. 

State  some  recent  reseai'ches  as  to  the  use  of  the  pancreatic  se- 
cretion. 86. 

Mom  C.  j9miarrf  instituted  a  series  of  experiments  with  the 
view  of  ascertaining  the  use  of  the  secretion  of  the  liA^er,  in  the 
process  of  digestion,  as  distinguished  from  that  of  the  pancreas. 
What  animal  did  he  select,  and  why  did  he  choose  this  particular 
animal  ? 

A  patient  is  emaciated,  and,  amongst  other  symptoms,  has 
adipose  diarrhoea.  As  a  physiologist,  what  opinion  would  you  give 
as  to  the  probable  nature  of  his  ailuient 86. 

Give  an  outUne  of  the  function  of  chylification,  and  describe  the 
structural  anatomy  of  the  small  intestines.  87. 

From  what  source  is  the  alimentary  mucus  supplied.'  87. 

What  is  the  relative  position  of  the  basement  membrane  with 
respect  to  the  other  stractm-es  forming  an  intestinal  villus 88. 

Contrast  the  mucous  membrane  in  the  upper  and  lower  portions 
of  the  duodenum.  88. 
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Give  an  account  of  the  changes  which  the  alimentary  mass  un- 
dergoes from  its  passage  througii  the  pyloric  valve,  until  its  arrival 
at  tiie  ilio-coecal  aperture  89. 

Enumerate  the  glandular  secretions  which  are  pom-erl  out  upon 
the  gastro-iutestiual  mucous  membrane,  and  describe  more  parti- 
cularly the  proper  intestinal  glands.    89,  99. 

ABSORPTION. 

Through  what  channel,  and  in  obedience  to  what  physical  law, 
are  matters  in  a  state  of  perfect  solution,  and  water,  said  to  be  in- 
troduced into  the  system  ?  94. 

Mention  the  experiments  of  Magendie,  in  order  to  prove  venous 
imbibition  or  absorption. 

Does  absorption  take  place  from  the  stomach  in  vertebrata  ?  if 
so,  state  its  nature  .and  how  the  fact  has  been  proved.  96. 

To  whom  do  you  attribute  the  discovery  of  the  lacteals  ?  Give 
an  account  of  the  structure  and  office  of  this  division  of  the  absor- 
bent system.  99. 

Explain  the  modern  theory  of  lacteal  absorption,  and  point  out 
the  differences  between  the  theories  of  Goodsir  and  KoUiker.  99. 

What  ai'e  the  conditions  which  either  promote  or  retard  the 
entrance  of  poisonous  substances  into  the  sanguiferous  system  ? 
96. 

To  what  circimistances  is  the  milky  colour  of  the  contents  of 
the  lacteals  due  .'101. 

Give  a  general  description  of  the  lymphatic  system,  101. 

Mention  the  more  remarkable  opinions  which  have  been  held  as 
to  the  functions  of  the  lymphatic  vessels,  104. 

BLOOD. 

Are  you  aware  of  any  facts  which  prove  the  impropriety  of  per- 
forming an  operation  likely  to  be  attended  with  much  loss  of  blood 
on  an  animal  while  fasting  ?  108, 
Describe  the  red  corpuscles  in  man,  fishes,  and  reptUes.  107. 
Certain  red  coi-puscles  of  the  blood  present  the  following  cha- 
racters : — • 

(a.)  Of  large  size,  elliptical  nucleated, 
(A.)  Nearly  circular  nucleated, 
(c.)  Cii'cular  and  non-nucleated. 
(d.)  Elliptical  and  non-nucleated. 

(e.)  Circular  non-nucleated,  very  small,  one-third  the  dia- 
meter of  the  human  corpuscles. 
Can  you  say  to  what  animal  or  class  of  animals  each  variety  pro 
bably  belongs .'  108. 

Prove  their  cell  nature,  and  explain  then:  functions.  109. 
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The  change  of  colour  in  the  blood  during  respiration  has  been 
ascribed  to  a  change  in  the  state  of  the  iron  in  the  ha;matine  pro- 
duced by  the  contact  of  gases  with  the  blood  ;  how  has  this  opi- 
nion been  refuted,  and  to  what  other  cause  has  this  change  in 
colour  been  attributed  ?  110. 

The  pecuUar  colour  of  the  hsematine  in  the  red  corpuscles  of  the 
blood  has  been  supposed  to  depend  on  the  iron  it  contains ;  has 
this  been  denied ;  if  so,  by  whom,  and  on  what  grounds  ?  110. 

How  has  it  been  proved  that  the  alterations  in  the  colour  of  the 
blood  caused  by  submitting  it  alternately  to  the  influence  of  oxygen 
and  carbonic  acid  gases,  are  more  due  to  change  of  form  than  of 
composition?  110. 

Contrast  the  red  and  wliite  globules  of  the  blood.  112. 

"What  effect  has  starvation  upon  the  quantity  of  fibrin  contained 
in  the  blood?  115. 

How  are  the  elements  of  the  blood  combined? 
(a.)  In  circulating  blood. 
(b.)  In  coagulated  blood.  118. 

Is  there  any  exception  to  the  general  law  which  establishes  a 
relation  between  the  number  of  red  coi-puscles  in  the  blood,  and 
the  activity  of  the  respiratory  process  ? 

Under  what  conditions  of  health  is  the  blood  in  certain  veins  of 
a  scarlet  colour  ?  118. 

Describe  the  changes  which  take  place  during  the  coagulation 
of  the  blood,  and  the  ciixumstances  which  accelerate  or  retard  the 
process  ;  and  also  the  causes  said  to  produce  the  condition  called 
buffy  coat.  119. 

What  prevents  the  coagulation  of  circulating  blood  ?  121. 

Is  there  any  peculiarity  in  the  blood  di-awn  by  a  leech  which 
partially  accounts  for  the  difficulty  in  arresting  the  bleeding  from  a 
leech  bite?  120. 

Mention  some  reasons  in  support  of  Mr.  Hunter's  opinion,  that 
"  the  coagulation  of  the  blood  is  an  operation  of  hfe,"  or  a  process 
of  organization.  120. 

Do  the  globules  present  any  peculiar  appearance  in  inflammatory 
blood,  or  do  they  appear  to  have  any  influence  in  forming  the  bufiy 
coat?  122. 

Explain  the  appearance  of  inflammatory  blood,  and  the  cause  of 
the  "  bufiy  coat."    122,  et  postea. 

In  the  operation  of  transfusion  of  blood,  is  it  of  any  conse- 
quence whether  the  animal  from  which  the  blood  is  drawn  be  fast- 
ing  or  in  a  state  of  repletion  ?  123. 

CIRCULATION. 

What  objects  are  fulfilled  by  the  function  of  circulation  ?  124. 
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•  State,  briefly,  the  principal  facts  connected  with  the  discover}' 
of  the  chculation  of  the  blood;  the  discoverer;  the  facts  which 
led  to  the  discovery ;  the  proofs  on  which  it  rested ;  and  the  ad- 
ditions to  those  eaiiy  discoveries  made  at  subsequent  periods. 
125. 

How  do  you  prove  the  circulation  of  the  blood  ?  125. 

Describe  the  general  arrangement  of  the  muscular  tibres  of  the 
heai-t,  and  their  microscopic  characters.  126. 

Give  a  description  of  the  valves  of  the  heart,  and  explain  their 
functions.  127. 

Explain  the  "  safety  valve"  function  of  the  tricuspid  valve.  128. 

Describe  the  sensible  phenomena  which  attend  the  action  of  the 
heart.  130. 

Describe  the  structure  and  office  of  the  aortic  valves.  128. 

Describe  the  sounds  of  the  heart,  their  rhythm,  and  their  sup- 
posed origin.  130. 

What  do  physiologists  generally  consider  to  be  the  causes 
which  produce  the  first  sound  of  the  heart  ?  131. 

Is  the  heart  the  sole  agent  in  cai'rying  on  the  cu'culation  of  the 
blood  ?  135. 

How  would  you  refute  the  doctrine  that  the  heart  is  the  sole 
cause  of  the  ch-cidation  of  the  blood  ?  135. 

Give  an  explanation  of  the  arterial  pulse  ;  mention  some  obser- 
vations made  with  a  view  to  determine  its  cause;  describe  the  varie- 
ties in  its  condition  under  different  cu'cumstances.  136. 

How  long  does  a  pidse  wave  usually  take  to  travel  from  the 
heart  to  the  extreme  arteries  ?  Suppose  the  inten'al  was  increased 
or  on  the  contraiy  was  diminished,  what  inference  would  you  draw 
in  each  case  as  to  the  state  of  the  individual's  health  ?  136. 

Could  you  form  any  opinion  as  to  the  state  of  an  individual's 
health  by  a  comparison  of  the  pulse  at  the  wiist  with  the  impulse 
of  the  heart  in  the  cardiac  region  ? 

What  may  be  considered  the  rate  of  the  pulse  in  health  at  the 
following  ages  ? — 

Before    1  year  old. 

At       10  years  „ 

At       20  years  „  137. 

What  is  the  normal  ratio  which  the  rate  of  the  pulse  bears  to 
that  of  respiration  ?  157. 

Give  a  physiological  explanation  of  the  terms  hardness,  fulness, 
compressiliility,  and  incoinpressibihty,  as  appMed  in  medical  lan- 
guage to  the  pulse.    137,  et  postea. 

Are  you  aware  of  any  arrangements  of  the  arterial  tubes  about 
the  larger  joints,  in  order  to  secure  a  constant  supply  of  blood  to 
the  Unib  below  ?  141. 
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Give  some  familiar  instances  of  the  influence  of  the  nervous  sts- 
tem  on  capillary  circulation.    147,  et  postea. 

Describe  the  structure  of  the  veins.  Mention  the  general  plan 
on  which  the  venous  system  is  constructed ;  state  the  forces  which 
promote  the  circulation  of  blood  through  the  veins.  148. 

What  forms  of  venous  pulse  have  been  observed  ?  Explain  their 
production.  148. 

Does  the  injection  of  certain  substances  into  the  veins  of  animals, 
afford  any  evidence  with  respect  to  the  rapidity  of  the  circulation  ? 
136. 

RESPIRATION. 

What  is  the  use  of  the  trachealis  muscle  '  152. 

Mom.  C.  Bernard  caused  rabbits  to  respire  an  atmosphere 
charged  with  minute  particles  of  carbon ;  the  latter  did  not  penetrate 
into  the  air  passages.    Wliat  prevented  their  entrance  152. 

Describe  the  anatomy  of  a  pulmonic  lobule,  particularly  noticing 
the  arrangement  of  the  air-cells  and  vessels,  and  assigning  to  each 
of  the  latter  its  pecuhar  office.  152. 

Can  you  trace  any  functional  analogy  between  the  vessels  of  the 
lungs  and  those  of  thehver? 

Describe  the  functions  of  the  intercostal  muscles.  154. 

Describe  the  mechanism  of  respiration.  Mention  the  muscles 
and  nei^ves  which  are  engaged  in  that  function.  154. 

Mention  the  nerves  which  are  concerned  in  the  function  of  re- 
piration.  158. 

Through  the  reflex  action  of  what  nerves  can  the  respiratory 
muscles  be  called  into  action?  158. 

What  explanation  would  you  affbrd  as  to  the  cause  of  the  first 
inspiration  at  birth.  158. 

Mention  what  may  be  considered  in  the  adult  to  be — 1,  the  ave- 
rage number  of  inspirations  per  minute ;  2,  the  average  amount  of 
air  taken  in  at  each  inspu-ation ;  3,  the  maximum  amount  of  a 
forced  expu-ation ;  4,  the  average  vital  capacity  of  the  lungs.  159. 

What  amount  of  air  remains  in  the  adult  male  lungs  after  the 
most  powerful  expiration  ?  159. 

Give  an  account  of  some  observations  and  experiments  which 
have  been  conducted  vrith  a  view  to  ascertain  the  capacity  of  the 
chest  for  respiration.  159. 

Independent  of  the  absolute  capacity  of  the  chest,  the  amount 
of  air  which  can  be  expelled  from  the  lungs  by  the  deepest  exi)i- 
ration  after  the  fullest  inspiration  bears  a  singular  relation  to  the 
height  of  the  individual,  as  Avas  discovered  by  Mr.  Hutchinson. 
Can  you  state  the  law  which  regulates  the  quantity  ?  160. 

What  is  the  com])osition  of  atmospheric  air,  and  what  changes 
does  it  undergo  during  respuation  ?  162. 
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AVhat  part  does  oxygen  play  in  vital  action  ?  162. 

Wliat  are  the  changes  in  the  state  of  the  atmospheric  aii-  pro- 
duced by  animal  respii-ation  ?  162. 

Has  sex  any  influence  on  the  amoun'  of  carbon  exhaled  from  the 
lungs ;  if  so,  at  what  periods  or  under  what  conditions  of  life  is  the 
difference  most  marked  ?  163. 

What  are  the  alterations  in  the  state  of  the  blood,  dependent  on 
the  due  performance  of  respiration  ?  163. 

Are  you  aware  of  any  experiments  having  been  made  on  warm- 
blooded animals,  the  object  of  which  was  to  show  that  the  amount 
of  carbonic  acid  expired  is  influenced  by  the  external  temperatui-e  ? 
If  so,  relate  them,  and  state  the  results  which  have  been  obtained. 
163. 

What  changes  are  effected  in  the  blood  by  respiration  ?  163. 

Describe  the  natm-e  of  the  respiratory  process,  according  to  the 
views  oi  Lagrange.  163. 

Wliat  do  you  understand  by  the  term  asphyxia  ?  Enumerate 
the  principal  modes  by  which  that  state  may  be  induced.  What 
are  the  physiological  conchtions  of  the  organs  of  circulation  and 
resphation  during  asphj^xia?  165. 

In  what  manner  does  the  suspension  of  the  respii'atoiy  process 
in  mammaUa  arrest  the  general  circulation  ?  166. 

Wliy  is  the  blood  in  cases  of  asphyxia  found  accumulated  in  the 
right  cavities  of  the  heart,  and  in  the  venous  system  ?  106. 

Suppose  a  warm-blooded  animal  to  be  confined  in  a  limited 
quantity  of  atmospheric  au* ;  what  means,  if  adopted,  would  pro- 
long its  life  for  the  longest  period  ? 

A  small  animal  (a  sparrow,  for  example),  is  left  in  a  bell  glass, 
to  breathe  the  same  air  over  and  over  again,  and  Uves  th^'ee  hom's ; 
at  the  end  of  the  second  horn*  a  healthy  vigorous  spaiTOw  is  intro- 
duced, and  it  expires  immediately.  Can  you  offer  any  explanation 
of  this  result  ? 

An  individual  exposed  to  the  fumes  of  burning  coal  is  asphjrxi- 
ated,  blood  drawn  fi'om  a  vein  is  of  a  bright  scarlet  colour ;  what 
deleterious  gas  has  caused  the  suffocation  166. 

The  classification  of  vertebrate  animals  based  on  their  tempera- 
ture. What  class  of  evertebrate  animals  have  the  power  of  evolv- 
ing much  heat 168. 

What  are  the  physiological  conditions  of  an  animal  dming 
hybernation?  170. 

Explain  why  a  person  descending  in  a  diving-bell  does  not  suffer 
from  muscular  inactivity,  or  experience  a  sensation  of  cold,  though 
surrounded  by  the  chilling  influence  of  the  water.  171. 

The  modern  theory  of  animal  heat ;  mention  Crawford's  theory  ? 
173. 
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In  what  class  of  animals  is  the  skin  most  efficient  as  an  organ 
of  respiration  ?    Illustrate  this.  172. 

Suppose  you  had  an  animal  for  operation  (a  rabbit,  for  example), 
and  that  you  wished,  by  vivisection,  to  produce  increase  vascularity 
of  the  conjunctiva,  contraction  of  the  coiTesponding  pupil,  and  in- 
creased heat  of  the  ear,  how  would  you  proceed  ?  Can  you  oiFer 
any  explanation  as  to  why  these  remarkable  phenomena  should 
result  from  the  section  you  had  made  ?  173. 

Give  an  account  of  the  influences  which  regulate  the  temperature 
of  the  human  body  ?  174. 

Does  clothing  impart  heat  ?    "  Lectures  on  Pubhc  Health." 

By  what  means  is  man  enabled  to  presei-ve,  under  certain  hmi- 
tations,  an  uniform  temperature,  though  exposed  to  excessive  heat 
or  cold?  174. 

SECRETION. 

Wliat  facts  support  the  theory,  that  the  various  secretions  exist 
in  the  blood,  and  are  not  fabricated  in  the  several  glands  ?  177. 

In  what  way  would  the  secretion  of  a  sahvary  gland  be  effected 
by  galvanic  stimulation  of  its  sympathetic  nerV'Ous  supply  ?  179. 

Suppose  you  wished,  by  means  of  galvanism,  to  promote  secretion 
from  the  parotid  or  submaxillary  gland,  what  nerve  in  each  case 
would  you  excite  ?  179. 

Describe  the  corpuscles  that  have  been  detected  in  the  fluid  to 
which  the  term  colostrum  has  been  applied ;  and  state  under  what 
circumstances  this  fluid  is  found,  and  its  supposed  use.  180. 

Are  you  aware  of  any  remarkable  difference  in  the  product  of 
the  decomposition  of  milk  at  a  temperature  of  from  50  to  75  degrees 
Fahi-enheit,  as  compared  with  its  decomposition  at  or  above  90 
degrees  Fahrenheit  ?  182. 

Which  of  the  constituents  of  milk  is  materially  affected  by  the 
quahty  of  the  food  consumed  by  the  animal?  181. 

Describe  the  structural  anatomy  of  the  lobules  of  the  liver.  184. 

Mention  how  you  would  inject  the  hver  so  as  to  exhibit  the 
arrangement  of  its  capillary  vessels.  Mention  the  appearances  of 
these  vessels  under  the  microscope.  184. 

Describe  the  function  of  the  hver :  give  an  account  of  the  com- 
position and  use  of  the  bile.  187. 

What  fact  has  been  adduced  to  prove  that  the  secretion  of  bile 
takes  place,  though  not  required  for  the  purpose  of  digestion  ? 
187. 

Describe  the  pecuharities  of  the  blood  of  the  vena  portaj.  192. 

Is  the  bihary  secretion  solely  excrementitious,  or  has  it  a  purpose 
to  serve  in  connexion  with  the  digestive  function  ?  Support  your 
views  by  appeahng  to  comparative  anatomy,  and  by  stating  the 
results  which  have  been  obtained  by  experiment.  189. 
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What  other  duties,  besides  the  secretion  of  bile,  does  the  liver 
perform?  189. 

What  structure  would  immediately  suffer  if  the  glycogenous 
matter  were  deficient  in  the  animal  system  ?  193. 

Artificial  diabetes  has  been  produced  by  a  mechanical  injury  of 
a  certain  part  of  the  medulla  oblongata.  Have  any  explanations  of 
this  curious  result  been  offered?  193. 

Describe  the  kidneys  duiing  fcetal  existence,  and  state  whether 
there  is  any  analogous  condition  as  a  permanent  arrangement  in 
some  animals. 

Describe  the  arrangement  of  the  minute  vessels  in  the  kidney, 
and  then-  relation  to  the  tubuli  uriniferi.  197. 

Describe  the  manner  in  which  the  elements  of  the  urine  are 
separated  from  the  blood.  Wliat  is  the  average  specific  gravity  of 
healthy  urine  ?  Is  the  specific  gi-avity  of  this  secretion  affected  by 
external  influences  ?  205. 

What  is  the  average  quantity  of  urine  passed  in  twenty-four 
hoiu"s  by  a  healthy  man,  and  what  should  be  its  normal  specific 
gravity  ?  205. 

What  are  the  sohds  excreted  by  the  kidney ;  how  are  they  sepa- 
rated ;  and  what  provision  is  made  for  their  effectual  removal  ? 
206. 

State  the  average  amount  of  urea  and  of  uric  acid  which  is  ex- 
creted by  an  adult.  Compare  the  results  of  the  investigations  of 
former  physiologists  with  those  of  recent  date.  207. 

Give  the  chemical  composition  of  these  substances.  207. 

How  would  you  determine  the  quantity  of  urea  in  any  given 
specimen  of  m-ine  ?  208. 

By  the  waste  of  what  structures  are  the  relative  proportions  of 
the  urinary  elements  affected  ?  With  what  compound  is  urea 
isomeric  ?  208. 

Explain  the  train  of  symptoms  which  would  result  from  the  ex- 
tii-pation  of  both  kidneys — in  a  dog,  for  example.  209. 

Are  you  aware  of  any  remarkable  change  which  is  effected  in 
the  saline  ingredients  of  the  urine  by  the  presence  of  inflammatory 
action,  accompanied  by  copious  exhalations  ?  211. 

Urine  passed  by  a  patient  is  at  first  perfectly  transparent,  but, 
on  cooling,  becomes  opaque,  and  idtimately  deposits  an  amorphous 
sediment  of  a  yellowish  or  pinkish  colom-.  What  is,  probably,  the 
chemical  nature  of  the  deposit  ?  211. 

Two  specimens  of  lu-ine,  which  are  transparent,  becomes  opaque 
on  being  boiled ;  the  addition  of  nitric  acid  restores  the  transpa- 
rency of  one,  but  has  no  ettect  of  the  kind  on  the  other.  What 
conclusions  would  you  draw  as  to  the  cause  of  the  opacity  which 
occurred  in  both  instances  on  the  application  of  heat  ?  216. 
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Two  specimens  of  urine  examined  :  one  of  s.  g.  1,040,  the  other 
s.  g.  1,010.  The  former,  on  the  addition  of  a  weak  solution  of 
sulphate  of  copper,  and  of  liquor  potassa;,  becomes  of  a  yellow 
ochre  colour  on  being  heated ;  the  latter  opaque  on  the  applica- 
tion of  heat.  What  is  the  nature  of  the  ingredient  in  each  speci- 
men of  urine  which  causes  these  changes  ?  223. 

What  is  the  best  description  of  vegetable  food  for  a  diabetic 
patient — and  why  221. 

DUCTLESS  GLANDS. 

Describe  the  structural  anatomy  of  the  spleen.  237. 

Describe  the  splenic  Malpighian  corpuscles.  Under  what  cir- 
cumstances are  they  found  best  developed?  238. 

What  reasons  have  been  given  for  regarding  the  spleen  as  an 
appendix  to  the  absorbent  system  239. 

Describe  the  suprarenal  capsules.  240. 

Describe  the  thyroid  body.  242 

Mention  in  their  order  the  processes  which  are  included  under 
the  function  of  nutrition.  245. 

INNKRVATION. 

Describe  the  microscopical  features  of  the  different  forms  of 
nervous  tissue,  and  assign  to  each  form  its  proper  function.  248. 
Describe  the  microscopical  structure  of  a  nei-ve  fibre 249. 
Do  nerve  fibres  anastomose  ?  250. 

Give  examples  of  the  histological  action  of  certain  su^'stances 
upon  sensitive  and  motor  nerves,  muscular  tissue,  and  blood  discs. 
250. 

Is  there  any  connexion  between  the  susceptibility  of  an  animal 
to  disease  and  the  development  of  its  nervous  system  ? 

What  arguments  oppose  the  theoiy,  that  centrifugal  nerves  act 
merely  as  conductors  of  an  influence  which  has  originated  in  a 
nerve  centre  252. 

What  do  you  conceive  to  be  the  true  relation  existing  between 
electricity  and  nervous  force  ?  Give  the  grounds  for  your  opinion. 
253. 

How  can  it  be  proved  by  experiment  that  there  is  a  property  in 
a  nervous  ganglion  which  enables  it  to  hold  in  reserve  a  portion 
of  the  influence  brought  into  it,  so  as  to  keep  up  the  action  for  a 
period  of  time  after  the  original  disturbing  causes  have  ceased 
254. 

Wlaat  are  the  uses  of  the  liquor  Cotunnii Mention  its  compo- 
sition and  the  causes  which  influence  its  amount.  259. 

Mention  any  peculiarities  which  have  been  insisted  on  by  some 
physiologists,  as  existing  in  the  ciiculation  within  the  cranium. 
260. 
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What  are  the  peculiarities  of  the  circulation  within  the  cranium, 
chest,  and  abdomen  ?    260,  et  antea. 

State  whether  the  circulation  of  the  blood  within  the  cranium  is 
influenced  in  any  respect  by  the  process  of  respiration.  261. 

Have  you,  in  the  adult  human  subject,  any  remnant  of  the  serous 
canal,  which  in  the  foetus,  prior  to  the  sL\th  month,  extended, 
through  the  entire  cord  ?  266. 

How  do  you  show  that  the  spinal  cord  is  endowed  with  powers 
independent  of  those  resulting  from  its  connexion  with  the  brain. 
267. 

Explain  the  nature  of  the  reflex  function  performed  by  the  spinal 
cord  and  its  nerves.  267. 

How  can  you  prove  that  sensation  is  not  a  necessary  hnk  in  the 
chain  of  reflex  actions  ?  268. 

What  ai-e  the  effects  which  follow  a  division  of  a  lateral  half  of 
the  spinal  cord  in  the  back  ?  269. 

What  effects  on  sensation  and  voluntary  motion  would  result 
from  the  following  lesions  : 

(a)  .  Disease  in  any  part  of  one  half  of  the  brain,  except  in  the 
medulla  oblongata  at  the  decussation  of  the  pyramids. 

(b)  .  Disease  impUcating  a  lateral  half  of  the  medulla  oblongata, 
at  the  decussation  of  the  pyramids. 

(c)  .  Disease  imphcating  one  lateral  half  of  the  spinal  coi'd.  269. 
In  the  French  translation  of  Sir  Charles  Bell's  "Nervous  System 

of  the  Human  Body,"  a  case  is  recorded  of  a  man  who,  from  a  faU, 
had  entirely  lost  his  sensibility  on  the  ripht  side,  though  preserv- 
ing his  power  of  movement;  and  had  entirely  lost  the  power  of 
movement  on  the  left  side,  though  presei"ving  his  sensibility;  where 
was  the  injm7  to  the  nervous  centre  ?  270. 

Describe  a  spinal  nerve.  By  what  physiologists  were  the  functions 
of  the  s])inal  nerves  first  accurately  determined  ?  271. 

Describe  the  medulla  oblongata;  define  its  limits,  and  trace  its 
segments.  274. 

Enumerate  the  commissural  fibres  of  the  brain  from  above  dowi- 
wards.  283. 

Does  there  appear  to  be  any  relation  between  the  symmetry  of 
the  convolutions  of  the  brain  and  the  general  development  of  the 
organ  ?  283. 

Of  what  peculiar  arrangement  of  the  nervous  system  in  inver- 
tebra  does  the  fourth  ventricle  appear  to  be  the  reumant? 

Mention  the  pathological  conchtions  and  anatomical  lesions 
which  can  be  produced  by  the  excitation  of  the  solar  plexus  of  nerves 
and  its  eft'erent  branches.  289. 

Suppose  one  hand  be  plunged  into  a  freezing  mixture,  in  what 
manner  would  the  immersion  affect  the  other  hand Explain  the 
phenomenon.  292. 
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MOTION. 

K  white  fibrous  tissue  and  yellow  elastic  tissue  co-exist  in  the 
same  structure,  how  can  you,  with  the  microscope,  distinguish  the 
one  from  the  other  ?  298. 

Wliat  structures  in  the  body  are,  for  the  most  part,  composed  of 
,  white  fibrous  tissue  ?  298. 

Contrast  the  physical  properties  and  microscopical  features  of 
the  white,  with  those  of  the  yellow,  fibrous  tissue,  and  state  to 
what  uses  these  two  structm-es  have  been  applied  in  animal  con- 
struction. 298. 

Describe  the  appearance  of  adipose  cells,  as  seen  in  the  field  of 
a  microscope ;  and  also  state  if  any  pro\ision  exists  to  prevent  the 
transudation  of  their  oily  contents.  300. 

State  the  various  uses  to  which  fat  is  apphed  in  the  economy  of 
man.  301. 

Describe  the  microscopic  appearance  of  articular  cartilage,  301. 

What  forms  of  fibro-cartUage  are  met  vnth  in  man  ?  301. 

The  uses  and  histological  characters  of  these  structm'es?  301. 

Describe  serous  and  synovial  membranes.  To  what  cause  do 
you  refer  the  difference  which  is  observed  in  the  results  of  inflam- 
mation occurring  in  these  textures  ?  303. 

Give  a  classification  of  the  joints,  with  examples  of  each  form. 
305. 

Give  the  quahtative  analysis  of  the  chemical  composition  of 
bone.  306. 

Give  a  description  of  the  minute  structure  of  bone,  and  explain 
its  mode  of  nutrition.  308. 

How  is  bone  primordially  devoloped?  311. 

Describe  an  involuntary  musculai-  fibre,  and  state  in  what  situa- 
tions such  is  found,  and  what  functions  it  ministers  to.  312. 

Describe  the  appearances  presented  by  a  voluntary  muscular 
fibre  (as  seen  in  the  field  of  a  microscope)  in  a  state  of  repose,  and 
during  its  contraction.  313. 

Describe  the  microscopic  structure  of  voluntary  muscle.  313. 

How  has  it  been  proved  that  muscular  contraction  is  accompanied 
by  the  production  of  heat  and  sound  ?  317. 

Have  muscular  fibrUlse  a  variable  size  in  ditferent  animals  ?  314. 

How  has  it  been  proved  that  the  principle  to  which  the  charac- 
teristic flavour  of  difi'erent  meats  is  due  does  not  reside  in  the  sar- 
cous  element 314. 

How  and  with  what  results  have  the  vital  properties  of  muscular 
fibres  been  investigated  experimentally  by  physiologists     317.  _^ 

What  are  the  pecuhar  physiological  chai-acteristics  of  muscle  ? 

316.  ...    „  , 

Contractility  of  muscle  is  by  some  considered  a  "vis  msita;  oy 
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others,  a  "vis  nervosa."  Whicli  of  these  opinions  is  most  gene- 
rally approved  of  at  the  present  time  ?  and  state  the  reasons  why 
it  is  so.  316. 

Give  examples  of  tonic  muscular  contraction  in  health  and  in 
disease.  316. 

Wliat  is  pecuhar  about  the  action  of  the  sphincter  muscles ;  and 
on  what  does  this  peculiarity  seem  to  depend  ?  317. 

In  what  manner  would  the  nutiition  of  a  muscle  and  of  a  bone 
be  affected  by  depriving  either  of  these  structures  of  its  nervous 
supply  ? 

Define,  and  discriminate  between,  the  vis  mortua,  the  vis  insita, 
and  the  vis  nei-vea.  319. 

Contrast  the  behaviom-  of  striated  with  that  of  non-striated 
muscular  fibres  under  the  influence  of  du'ect  stimuli.  318. 

Are  you  aware  of  any  relation  which  exists  between  the  duration 
of  muscular  contractility  after  nutrition  had  ceased,  andthe  activity 
of  the  respiratory  process  during  life  ?  319. 

Rigor  mortis  supervenes  unusually  earty  in  a  human  coi^pse,  and 
is  of  short  duration;  mention  the  several  cu'cumstances  which  may 
have  produced  these  results.  319. 

In  which  of  the  voluntary  muscles  does  the  cadaveric  stiffening 
first  appear?  319. 

What  are  the  fundamental  laws  regulating  the  electrical  condi- 
tions of  muscle  in  recently  dead  animals  ^  319. 

Describe  the  pecvdiarities  of  attitude  presented  by  a  stiflTened 
human  coi-pse,  death  having  occurred  in  the  supine  posture.  319. 

What  foi-m  of  lever  is  chiefly  employed  in  the  animal  economy? 
Give  examples  in  the  body  of  each  form.  For  what  reason  is  one 
form  so  much  more  generally  employed  in  animal  structures? 
320. 

Can  you  explain  how  a  force  acting  on  the  ilio  femoral  articu- 
lation, in  a  direction  upwards  and  forwards  (as  in  walking),  can 
maintain  horizontal  progi'ession  ?  321. 

A  section  of  a  bone  is  observed  to  have  large  lacunae ;  could 
you  draw  any  general  conclusions  from  the  examination  of  this 
specimen  as  to  the  other  corpuscular  elements  of  the  animal  from 
which  the  specimen  has  been  obtained  '  308. 

Why  is  it  possible  for  a  drunken  man  to  run  without  falling, 
though  he  cannot  walk  or  stand  ?  322. 

In  the  action  of  striking  a  blow,  to  what  order  of  lever  do  the 
bones  of  the  foreann  belong  ?    Explain  why  ?  321. 

Whereabouts  is  the  centre  of  gravity  situated  in  a  man  while 
standing  with  his  arms  against  his  sides  ? 
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VOICE. 

According  to  Willis,  what  relative  position  of  the  vocal  cords  is 
necessary  for  the  production  of  voice;  by  the  action  of  what  mus- 
cles can  tliis  adjustment  be  effected  ?  324. 

SPECIAL  SENSES. 

Describe  the  structm-e  of  the  skin.  332. 

Describe  the  structure  of  the  human  skin;  also  the  arrangement 
of  the  sudoriferous  glands,  and  sebaceous  follicles,  and  the  nature 
of  their  secretions.  332. 

Describe  the  glandular  structures  of  the  skin.  337. 

Do  you  know  of  any  experiments  having  been  performed  in 
order,  if  possible,  to  determine  the  relative  sensibiUty  of  various 
parts  of  the  human  body  ?   If  so,  state  the  results  obtained.  338. 

Why  does  the  cavity  of  a  tooth  felt  by  the  tip  of  the  tongue  ap- 
pear larger  than  it  really  is 

Two  lingers  having  been  crossed,  and  then  moved  over  a  sphe- 
rical surface  placed  between  them,  the  latter  appears  to  be  double ; 
explain  this.  339. 

Wliat  external  circumstances  influence  the  amount  of  the  cu- 
taneous exhalation  ?  341. 

In  what  situations  has  the  sense  of  taste  been  found  to  reside, 
and  what  nerves  supply  these  parts  342. 

Determine  the  limits  of  the  true  olfactory  region.  349. 

Describe  the  cerebral  connexions  of  the  olfactory  nerves.  349. 

Describe  the  mode  of  termination  of  the  filaments  of  the  olfac- 
tory nerve.  350. 

Offer  proofs  to  show  that  the  sense  of  smell  resides  in  the  olfac- 
tory nerves  and  lobes.  351. 

Wliat  nerves  are  distributed  to  the  nasal  cavity  and  its  orifices  ? 
Can  you  assign  any  reason  why  the  nose  should  receive  its  nervous 
supply  from  such  varied  sources.  351. 

Describe  the  oblique  muscles  of  the  eye.  Mention  the  dif- 
ferent opinions  which  have  been  held  as  to  their  influence  on  the 
motions  of  the  eyeball.  354. 

Describe  the  lachiymal  gland,  the  tarsal  cartilages,  and  Meibo- 
mian follicles.  354. 

Wliat  method  of  removing  the  eyeball  has  been  based  on  a  cor- 
rect knowledge  of  its  connexions  ?  Enumerate  the  parts  divided 
in  this  operation.  356. 

Give  a  description  of  the  cornea ;  explain  how  its  nutrition  is 
eflfected.  360. 

Describe  the  transparent  media  of  the  eye,  and  state  the  prori- 
sions  in  that  organ  for  con-ecting  or  counteracting  spherical  and 
chromatic  aben-ations.  300. 
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Describe  the  sti-ucture  and  office  of  the  choroid  coat  of  the  eye. 
361. 

Describe  the  choroid  epitheMum,  its  situation,  appearance,  and 
the  mode  of  preparing  it  for  examination.  363. 

Distinguish  and  describe  the  pigmentum  nigrum  and  the  raem- 
brana  pigmenti.  364. 

Describe  the  form,  situation,  and  uses  of  the  cihary  muscle, 
by  whom  was  it  first  described,  and  in  what  class  of  animals. 
364. 

Are  you  aware  of  any  means  by  which  an  individual  could  dis- 
tinguish between  a  real  olyect  and  a  mental  Olusion.' 

Describe  the  structm-e  and  action  of  the  iris.  364. 

The  nei-vous  supply  of  the  iris :  state  the  functions  of  its  dif- 
ferent nerves.  366. 

Give  a  description  of  the  retina.  368. 

What  do  you  understand  by  the  term  cerebral  or  inverse  vision 
Give  an  example. 

Wliat  is  the  structiu-e  of  the  hyaloid  membrane  ?  368. 

Who  first  described  the  foramen  ceutrale  of  the  retina?  In 
what  animals  has  it  been  since  obsei-ved  ?  370. 

Describe  what  you  conceive  to  be  the  mechanism  by  which  the 
human  eye  is  adapted  to  distinct  vision  at  different  distances,  and 
mention  any  experiments  you  know  on  this  subject.  375. 

On  bringing  an  object  close  to  the  eye  the  pupil  is  observed  to 
contract.  Is  this  diminution  of  the  pupil's  diameter  of  any  optical 
value  ?  375. 

What  offices  does  Professor  Draper  assign  to  the  follovdng  layers 
of  the  retina : — 

a.  The  vesicular. 

b.  The  granular. 

c.  Membrana  Jacobi,  or  rods.  377. 

What  arguments  have  been  advanced  in  support  of  the  theory 
that  the  choroid  coat  of  the  eye  is  the  real  optical  screen,  and  that 
the  retina  is  only  secondaiily  aflfected.'  378. 

What  is  the  situation  of  the  insensible  spot  of  the  retina.'  How 
could  you  prove  its  existence  ?  378. 

What  relation  in  colour  exists  between  luminous  images  and  the 
resulting  ocular  spectra?  378. 

Distinguish  the  essential  and  accessory  parts  of  the  organ  of 
hearing ;  mention  the  order  of  addition  of  the  accessory  parts  in 
the  animal  series.  381. 

Describe  the  cavity  of  the  tympanum  and  the  pai'ts  contained 
in  it.  381. 

Describe  the  muscles  of  the  internal  ear.  384. 
State  the  physiological  uses  which  have  been  assigned  to  the 
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following  portions  of  the  organ  of  hearing : — the  vestibule,  the 
semicircular  canals,  the  cochlea,  the  tympanum,  the  ossicula,  and 
the  external  ear.  389. 

How  is  the  external  auditory  canal  developed? 

What  are  the  uses  of  the  Eustacliian  tube  ?  386. 

Describe  the  coclilearis  muscle.  387. 

Wliat  special  use  has  been  assigned  by  Professor  Draper  to  the 
spiral  lamina  of  the  cochlea  ? 

Trace  an  analogy  between  the  eye-ball  and  its  appendages,  and 
the  organ  of  hearing  and  its  appendages.  390. 

Trace  the  portio  dm-a  neiTe  fi-om  its  origin  to  its  final  distribu- 
tion. What  ganglion  has  been  described  in  connexion  with  it  ? 
What  branches  of  communication  does  that  ganghon  give  off  or 
receive  ?  What  effects  have  been  observed  as  the  result  of  injury 
or  disease  involving  the  trunk  of  that  nen^e  ?  393. 

In  some  cases  of  paralysis  of  the  portio  dura  the  four  senses — 
sight,  smell,  hearing,  and  taste,  are  more  or  less  impaired,  also  the 
process  of  deglutition;  state  the  several  anatomical  communica- 
tions of  tliis  neiTC  which  may,  in  some  measui'e,  explain  these  ef- 
fects.   In  such  cases,  is  the  uvula  ever  affected,  and  how  ?  394. 

Determine  the  distribution  of  the  motor  and  sensory  portions  of 
the  pneumo-gastric  nerve.  Mention  the  branches  which  are  (a) 
pm-ely  motor,  and  those  wHch  are  {p)  senso-motoiy,  distinguishing 
those  in  wliich  the  motor  and  those  in  which  the  sensory  filaments 
predominate.  395. 

Describe  the  inferior  laryngeal  nerves.  Mention  some  experi- 
ments made  on  animals  in  order  to  determine  their  function.  395. 

The  action  of  which  muscles  of  the  face  appear  to  be  peculiarly 
identified  with  human  expression  ?  394. 

REPRODUCTTON. 

Explain  the  nature  and  the  development  of  the  so-called  sperma- 
tozoa. 402. 

Describe  the  umbihcal  vein  and  hypogastric  arteries  of  the 
foetus.  412. 

Describe  the  changes  which  take  place  in  the  vascular  system 
of  man  at  birth.  414. 

Can  you  explain  why  those  changes  take  place  ?  414. 

Mention  the  peculiaiities  of  the  foetal  heart.  414. 

What  are  the  vascular  arrangements  peculiai*  to  the  foetal  liver  ? 
414. 

How  is  the  depuration  of  the  blood  effected  in  the  foetus  ?  414, 
Describe  the  ductus  arteriosus  and  its  office.  414. 
The  duration  of  vital  activity  is  in  the  inverse  ratio  of  its 
energy. — Examples. 
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Contrast  somatic  with  molecular  death.  416. 
Describe  the  effect  of  old  age  on  the  several  tissues  and  secre- 
tions. 416. 

PRINCIPLES  OF  DISEASE. 

In  what  diseased  states  of  the  system  are  the  following  changes 
effected  in  the  blood:  Fibrine  increased  or  diminished  in  quantity, 
red  corpuscles  increased  or  diminished  in  number,  albumen  dimi- 
nished in  quantity.  419. 

What  elementary  tissues  in  the  human  body  are  capable  of  re- 
generation when  destroj'cd  ?  438. 

State  the  effects  frequently  produced  on  man  by  a  too  abundant 
supply  of  food  ?  419. 

What  circumstances  are  said  to  favour  fatty  degeneration  452. 

How  are  tumoui's  classified,  and  in  what  respect  is  cancer  un- 
like other  tumom-s  ?  In  what  situations  are  fibrous  tumours  most 
frequently  found '  Certain  tumours  are  more  often  pulsatile  than 
others  ;  which  are  they  ?  How  is  a  fatty  tumour  diagnosed  ?  What 
are  its  situations,  and  the  ages  at  which  it  occurs  ?  What  are  the 
rules  to  be  adopted  with  regard  to  the  treatment  of  tumours  in  ge- 
neral ?  459. 

What  do  you  understand  by  a  chronic  mammary  tumour  ?  How 
does  Velpeau  differ  from  Sir  Astley  Cooper  upon  the  question  of 
the  origin  of  such  tumours  ?  "What  is  the  derivation  of  the  term 
adenoid,  apphed  to  them  by  Velpeau  ?  How  are  these  tumours  to 
be  recognised  ?  465. 

Give  a  brief  definition  of  the  following  words,  or  make  use  of  a 
phrase  showing  that  you  understand  the  meaning : — stroma,  plas- 
ma, parenchyma,  cytoblast,  blastema,  ceU-nucleus.  Glossai'ial  In- 
dex. 


LONDON  UNIVERSITY. 
M.B.,  B.A.,  (Sf  B.  Sc.  Pass  and  Honour  Examinations. 
Examiners.  —  Professors  Kiernan,  Sharpey,  Carpenter,  Busk, 
Huxley,  Redfern,  Jenner,  Savory,  Parkes,  Tweedie,  Taylor. 

INTRODUCTION. 

WTiat  portions  of  the  fully-formed  human  organism  are  com- 
posed of  shnple  cells ;  and  to  what  functions  are  they  respectively 
subservient  .'13. 

NATURAL  HISTORY  OF  MAN. 

What  are  the  anatomical  pecidiai-ities  of  the  human  frame  which 
especially  fit  man  for  his  erect  posture?  17. 

•JO 
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Wliat  are  the  chief  points  of  structural  difference  between  man 
and  the  higher  quadi'umana  ?  20. 

Compare  and  contrast  the  human  brain  and  skull  with  those  of 
the  higher  apes.    20.  . 

Explain  the  principle  of  homology,  as  manifested  in  the  con- 
struction of  the  vertebrate  skeleton,  and  give  examples  in  illustra- 
tion. 24. 

Describe  the  elements  of  a  typical  vertebra  according  to  Prof. 
Owen  ;  show  how  these  are  arranged  in  a  dorsal  vertebra  of  man  ; 
and  enumerate  the  constituent  parts  of  the  neural  arches  of  the 
cranial  vertebrae,  according  to  the  ordinary  anatomical  nomencla- 
ture. 25. 

CHEMISTRY  OF  MAN. 

What  is  the  source  of  fat,  and  what  are  its  uses  in  the  human 
economy  ?    43  et  postea. 

Enumerate  and  classify  the  proximate  principles  found  in  animal 
l)odies,  and  point  out  the  chemical  peculiarities  by  which  they  are 
distinguished  fi'om  other  organic  compounds.  45. 

State  the  chemical  composition  and  relations  of  albumen  and 
fibrin  ?  46. 

What  organic  compounds  predominate  in  muscle,  connective  tis- 
sue, bone,  cartUage,  and  nervous  tissue  respectively  ?    47  et  postea. 

DIGESTION. 

"WTiat  are  the  sources  of  the  demand  in  aliment  for  the  human 
body ;  and  what  ai-e  the  principal  conditions  by  which  that  demand 
is  regulated  ?  51. 

Draw  a  comparison  between  the  chemical  physiology  of  vege- 
tables and  that  of  animals.  51. 

Mention  the  chief  aUmentaiy  principles  of  human  food ;  state 
the  pm-poscs  which  they  severally  fulfil  in  the  process  of  nutri- 
tion, and  describe  the  changes  which  they  undergo  in  digestion, 
pointing  out  the  agencies  by  which  those  changes  are  effected.  52. 

Classify  the  proximate  constituents  of  a  piece  of  bread  under 
the  two  heads  of  "  nutritious"  aud  "  non-nutritious."  Suppose 
the  piece  of  bread  to  be  eaten,  and  trace  out  the  changes  which  it 
undergoes  in  its  passage  from  one  end  of  the  nutritious  canal  to 
the  other.  58. 

Enumerate  the  principal  classes  of  alimentary  materials ;  state 
the  pmijoses  to  wliich  they  are  severally  subservient  in  the  eco- 
nomy ;  mention  the  chief  proximate  components  of  bread,  meat, 
potatoes,  milk,  rice,  and  aiTow  root;  and  state  the  quantity  of  food 
ordinarily  requisite  to  maintain  tlie  human  system  in  vigorous 
action.  59. 

Describe  and  explain  the  efl^cts  which  ensue  on  totally  depnv- 
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iug  an  animal  of  food.  Wh&t  difl'erences  are  observed  among 
animals,  as  to  their  power  of  endming  abstinence  from  food,  and 
how  are  such  differences  accounted  for?  61. 

Describe  the  principal  stages  of  the  digestive  process,  in  its  re- 
lation to  each  of  the  most  important  proximate  principles  of 
human  food ;  distinguishing  the  share  taken  by  each  of  the  prin- 
cipal secretions  concerned  in  it.  63. 

Give  an  account  of  the  structm-e  and  properties  of  mucous  mem- 
brane in  general;  and  describe  that  of  the  stomach,  and  of  the 
small  and  lai'ge  intestines  in  particular :  the  description  to  include 
an  account  of  the  ultimate  arrangement  of  the  blood-vessels,  the 
epithehum,  the  follicles  of  Lieberkilhn  and  the  glands  of  Brunner 
and  Peyer.  64. 

Describe  the  external  configuration  and  the  position  of  the  teeth 
of  the  adult  and  then*  internal  structirre,  so  far  as  it  can  be  dis- 
cerned with  the  naked  eye.  65. 

Give  a  general  account  of  the  history  of  the  development  of  the 
human  teeth,  both  of  the  temporary  and  permanent  series  ;  point 
out  the  analogies  between  its  successive  stages  and  the  modes  of 
dentition  of  the  lower  vertebrata;  and  describe  the  organic  struc- 
ture and  chemical  composition  of  the  dentine,  enamel,  andcemen- 
tum.  69. 

What  ai-e  the  nerves  concerned  in  the  act  of  deglutition  ;  and 
what  are  the  inferences  you  might  draw  from  the  circumstances 
under  which  that  act  may  be  performed  (as  show^n  in  states  of 
disease,  and  by  experimental  inquiries),  with  regai'd  to  the  nature 
of  reflex  action  in  general 76. 

Describe  the  structure  of  aU  the  glands  which  are  connected 
with  the  ahmentary  canal  of  man,  except  the  salivary,  hepatic,  and 
pancreatic ;  and  give  an  account  of  the  known  or  supposed  func- 
tions of  each  ?  y8. 

What  influence  do  the  nerves  exert  over  the  digestive  functions 
of  the  stomach,  and  in  what  respects  does  artificial  digestion  differ 
in  its  results  from  that  effected  in  the  living  animal 80. 

State  the  composition  of  the  gastric  juice  and  explain  the  theory 
of  its  action  ?  79. 

Describe  the  process  of  digestion  and  of  the  absorption  of  its 
products,  in  the  case  of— 1,  wheaten  bread ;  2,  meat ;  3,  milk.  81. 

Describe  the  duodenum,  more  particularly  with  reference  to  the 
minute  structure  and  functions  of  its  tUfferent  coats  ;  the  nature  of 
the  secretions  which  are  poured  into  the  intestinal  canal  at  this 
part,  and  theu-  influence  on  the  process  of  digestion  }  84. 

Describe  the  minute  structure  of  any  part  of  the  small  intestine 
of  man  from  the  free  mucous  to  the  free  serous  surface ;  and  give  an 
account  of  the  functions  of  the  component  organs  of  the  part.  87. 


516 


EXAMINATION  PAPERS. 


Describe  the  structure  and  arrangement  of  the  mucous  mem- 
brane of  the  intestines,  pointing  out  the  characters  it  presents  in 
different  parts  of  the  canal.  87. 

Suppose  a  healthy  man  to  be  dieted  on  bread,  fat  meat,  and 
water,  of  what  substances  would  his  faeces  consist,  and  whence 
would  they  be  derived  ?  92. 

ABSORPTION. 

Explain  the  process  of  absorption  in  animal  bodies,  noticing  the 
principal  theories  that  have  been  entertained  respecting  it ;  mention 
the  ch-cumstances  or  conditions  by  which  its  rapidity  is  influenced 
and  enter  fully  into  the  explanation  of  the  phenomena  of  osmosis. 
94. 

Describe  the  endosmotic  or  exosmotic  effects  of  strong  and  weak 
saline  solutions  introduced  into  the  alimentaiy  canal  and  the  prac- 
tical inferences  to  be  deduced  therefrom,  as  to  the  use  of  saline 
cathartics  and  diuretics,  also  the  endosmotic  or  exosmotic  effects 
of  water  and  of  saline  substances  introduced  into  the  blood,  on  the 
blood  corpuscles.  97. 

What  appear  to  be  the  relative  functions  of  the  absorbent  and 
sanguiferous  vessels  in  the  absorption  of  nutritive  and  other  sub- 
stances from  the  alimentary  canal ;  what  difference  exists  in  this 
respect  between  vertebrated  and  invertebrated  animal ;  and  how 
far  may  the  act  of  absorption  be  explained  on  physical  principles  ? 
100. 

State  the  properties  of  chyle,  and  point  out  the  differences  be- 
tween the  composition  of  that  fluid  and  of  the  blood.  101. 

Compare  and  contrast  the  physical  and  chemical  properties  of 
chyle,  lymph,  and  blood.  104. 

Give  an  account  of  the  structure  of  lymphatic  vessels,  describing 
their  structure,  and  that  of  a  lymphatic  gland,  their  mode  of 
origin,  general  course,  and  termination.  102. 

What  are  the  probable  functions  of  the  absorbent  system,  as  in- 
ferred from  its  structure,  its  distribution,  and  its  comparative 
anatomy,  as  well  as  from  experimental  investigation  ?  104. 

BLOOD. 

Give  an  account  of  the  red  corpuscles  of  the  blood,  describing 
their  figure,  size,  structure,  and  chemical  nature,  with  the  chief 
differences  they  present  in  different  vertebrated  animals ;  state  also 
what  is  the  average  proportion  of  red  corpuscles  in  human  blood, 
and  what  variations  are  observed  according  to  age,  sex,  and  other 
circumstances.    107,  &c. 

Describe  the  physical  and  chemical  characters  of  the  blood  in 
jnan,  and  the  changes  it  undergoes  when  removed  from  the  course 
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of  cii'culation  both  witliin  and  without  the  body ;  and  state  the 
conditions  by  which  its  coagulation  is  effected  in  either  case  re- 
spectively. 116. 

Enumerate  the  principal  proximate  constituents  of  the  blood, 
and  of  muscle ;  give  the  empyric  or  elementary  formulae  of  those 
^    constituents  ;  and  state  to  what  substances  the  alkalinity  of  blood 
and  the  acidity  of  muscle  may  be  ascribed.  116. 

State  the  proximate  chemical  composition  of  the  human  blood, 
,     and  point  out  the  differences  between  arterial,  ordinary  venous, 
^     and  portal  blood,  and  the  cause  of  these  differences.  118. 

Give  an  account  of  the  histological  structure  of  the  heart — its 
movements,  and  the  mechanical  import  of  its  different  parts — in 
the  adult,  and  describe  the  changes  which  it  undergoes  in  the 
fcEtus.  126. 

Give  an  account  of  the  principal  theories  that  have  been  pro- 
posed to  explain  the  coagulation  of  the  blood.  What  appears  to 
you  the  most  probable  ?    And  why  ?  120. 

CIRCULATION. 

Describe  the  form,  structure,  and  connexions  of  the  different 
valves  in  the  heart  and  gi-eat  arteries,  and  explain  briefly  the  mode 
in  which  they  perform  their  office.  120. 

Describe  the  structure  and  explain  the  mechanism  of  the  dif- 
ferent valves  placed  between  the  auricles  and  the  ventricles  of  the 
heart,  at  the  orifices  of  the  aorta  and  pulmonary  artery,  and  in  the 
veins.  What  veins  are  known  to  be  destitute  of  valves,  and  in 
what  veins  are  they  most  numerous  ?  127. 

What  is  the  nature  of  the  arterial  pulse ;  and  what  are  the  con- 
ditions  which  (within  the  range  of  ordinary  health)  have  most  in- 
fluence upon  its  rate  and  character  ?  136. 

Give  an  account  of  the  structure  and  properties,  physical  and 
V   vital,  of  a  middle-sized  artery.  138. 

Give  an  account  of  the  structure  of  the  walls  of  the  larger  and 
smaller  arteries,  veins,  lymphatics,  and  capillaries.  138. 

In  what  manner  is  the  circulation  of  blood  through  the  arteries 
modified  by  the  properties  of  their  walls  ?    1  11. 

Describe  the  distinctive  structural  peculiarities  of  the  arteries, 
capillaries,  and  veins  in  man.  In  which  of  the  lower  animals  are 
there  no  capillaries,  the  arteries  and  veins  being  united  by  "lacunje" 
or  by  the  general  cavity  of  the  body  ?  143. 

Describe  the  circulation  of  the  blood  through  the  capillaries  at 
the  periphery  of  the  body,  and  the  agencies  by  which  it  is  sus- 
tained. 145. 

How  do  the  veins  commence,  and  where  do  they  terminate 
What  is  pecuhar  in  the  vena  porta Describe  the  structure  and 
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mechanism  of  the  valves  of  the  veins,  and  explain  hy  what  means 
the  blood  is  moved  through  these  vessels  ?  148. 

In  what  manner  and  degree  does  the  velocity  of  the  blood's 
motion  differ  in  different  parts  of  the  sanguiferous  system  ;  and 
to  what  causes  are  these  differences  to  be  ascribed  State  what 
you  conceive  to  be  the  forces  by  which  the  impulsive  power  of  the 
heart  is  assisted,  modified,  or  resisted,  in  the  several  parts  of  the 
vascular  system.  149. 

RESPIRATION. 

What  is  the  structure  of  the  trachea,  bronchi,  and  pulmonary 
^      cells  ?    Describe  the  mechanism  of  the  respkatory  act,  and  the 
changes  undergone  by  the  air  inspired.  151. 

Describe  the  ultimate  structure  of  the  human  lung;  explain  the 
mechanism  of  inspkation  and  expiration ;  and  give  an  account  of 
the  physical  process  by  which  the  exchange  of  gaseous  constitu- 
ents between  the  blood  and  the  atmosphere  is  effected.  153. 

Give  an  account  of  the  mechanism  of  respiration  in  man  ;  enu- 
merating the  muscles  and  nerves  chiefly  concerned  in  the  respira- 
tory movements,  the  action  of  each,  and  the  nature  and  degree  of 
.  /  the  resistance  to  be  overcome  ;  stating  the  proportion  of  the  whole 
V  volume  of  air  in  the  lungs  which  is  renewed  at  an  ordinaiy  act  of 
respiration  ;  and  showing  how  its  entu'e  mass  is  affected  by  this 
interchange.  154. 

To  what  actions  wnthin  the  body  does  the  oxygen  introduced  by 
ft    I   the  respiratory  process  ordinarily  become  subservient ;  and  what 
Ml^kxft  the  eflfects  of  a  prolonged  deficiency  of  oxygenation  upon  the 
,/     composition  of  the  mine  ?  162. 

In  what  way  is  the  cuxulation  of  the  blood  aflfected  by  suspen- 
,  sion  of  the  respiratory  process  in  a  warm-blooded  animal ;  and 
^  j     what  is  the  immediate  cause  of  death,  if  that  suspension  be  cou- 
j-     tinned?  166. 

Give  a  general  account  of  the  mode  in  which  the  vital  action  is 
influenced  by  heat ;  illustrating  it  by  examples  drawm  from  cold- 
blooded animals,  and  from  warm-blooded  animals  in  the  states  of 
hybernation  and  starvation  ?  170. 

'  To  what  orders  do  most  of  the  hybernating  mammals  belong  ? 
Give  examples  ;  and  describe  the  conditions  of  their  functions 
during  hybernation.  170. 

SECRETION. 

Enumerate  the  various  excretions,  indicating  the  average  daily 
amount  of  each  in  a  healthy  adult  man ;  and  point  out  the  sources 
whence  they  are  derived,  and  the  channels  through  which  they 
are  eliminated.  177. 
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Arrange  the  secretions  and  excretions  according  to  their  reac- 
tions with  test-paper.    181,  et  postea. 

What  are  the  proximate  constituents  of  milk  ?  Describe  their 
chemical  properties  and  composition.  181. 

Describe  the  secreting  structure  of  the  liver ;  give  an  account 
of  the  composition  and  uses  of  the  bile  ;  and  state  what  is  known 
1/  of  the  changes  produced  in  the  composition  of  the  blood  during  its 
passage  through  the  portal  cieculation.  186. 

What  is  ascertained  as  to  the  functions  of  the  liver,  the  chemical 
constitution  of  the  bile,  and  the  uses  of  that  secretion  in  the  ani- 
mal economy  ?  189. 

What  is  glycogen  ?  Detail  the  arguments  for  and  against  the 
position  that  the  Uver  is  normally  a  sugar-forming  apparatus.  191. 

Describe  the  principal  varieties  in  the  structure  of  the  kidney, 
and  in  the  mode  in  which  it  is  supphed  with  blood,  in  the  different 
classes  of  vertebrata ;  and  give  an  account  of  the  history  of  its 
development  in  man.  196. 

What  changes  does  the  blood  undergo  in  passing  through  the 
kidney or,  in  other  words,  in  what  respect  does  the  blood  in  the 
emulgent  veins  differ  from  that  in  the  renal  artery How  may 
Professor  Graham's  doctrine  of  chalysis  be  applied  in  explanation 
of  the  mode  in  which  the  urinary  products  are  eliminated  ?  De- 
scribe the  muscular  structm'e  connected  with  the  membraneous 
part  of  the  urethra,  and  specify  its  action  on  the  urethral  tube. 
202. 

What  are  the  proximate  components  of  the  human  urine,  in 
y/      health,  and  in  disease Give  the  formula  of  their  ultimate  com- 
position. 206. 

What  are  the  best  means  of  determining  the  quantity  of  urea 
in  healthy  urine,  and  of  saccharine  matter  in  cases  of  diabetes 
208. 

Describe  the  external  and  chemical  characters  of  the  varieties 
of  minary  calculi ;  the  composition  and  properties  of  their  proxi- 
mate components  ;  and  explain  the  chemical  principles  upon  which 
the  medical  treatment  of  calculous  disorders  is  founded.  232. 

Enumerate  the  principal  remedies  employed  as  diuretics.  Ex- 
plain the  different  modes  by  which  they  are  supposed  to  operate, 
aud  the  circumstances  by  which  theu-  selection  should  be  deter- 
mined. 234. 

DUCTLESS  GLANDS. 

What  organs  of  the  human  body  may  be  comprehended  under 
the  name  of  "  ductless  glands  ?"  237. 

Describe  the  minute  structure  of  the  spleen ;  the  principal  diver- 
sities  it  presents  among  different  animals;  the  pecuUarities  of 
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splenic  blood  under  vaiious  circumstances ;  and  the  inferences  as  to 
the  function  of  the  organ  which  you  would  base  on  these  facts.  237. 

Describe  the  structiu-e  of  the  spleen;  enumerate  the  other  organs 
which,  more  or  less,  resemble  it,  and  state  in  what  class  of  animals 
a  spleen  is  found.  237. 

Describe  the  situation,  form,  and  internal  structure  of  the  supra- 
renal body;  also  the  source  and  mode  of  distribution  of  its  blood- 
vessels and  nerves.  240. 

INNERVATION. 

Give  an  account  of  the  more  important  physical  and  physiolo- 
gical properties  of  nerve  :  under  the  former  head  include  a  state- 
ment of  what  is  known  with  regard  to  the  electrical  phenomena 
exhibited  by  nerves,  and  the  influence  of  electiical  currents  on 
innervation.  Under  the  latter,  state  by  what  experiments  the  motor 
and  sensory  functions  of  nerves,  the  reflecting  power  of  the  spinal 
cord,  and  the  direct  influence  of  the  nei^vous  system  upon  the  state 
of  the  heart  and  vessels  have  been  demonstrated.  Add  any  ex- 
perimental evidence  with  which  you  may  be  acquainted,  tending 
to  prove  the  direct  influence  of  the  ner\'ous  system  on  secretion. 
249. 

Point  out  the  essential  conditions  upon  which  the  maintenance 
of  the  in-itability  in  nerves  depends;  and  mention  experiments 
proving  certain  conditions  to  be  indispensable.  Also,  describe  the 
changes  which  take  place  in  the  peripheral  and  central  portions  of  a 
divided  nerve,  a  short  time  after  its  division.  252. 

Give  an  account  of  the  electric  phenomena  exhibited  by  muscles 
and  ner\'es,  in  the  state  of  repose  and  during  the  exercise  of  their 
functions.  255. 

Describe  the  structure  of  the  electrical  organ  found  in  certain 
fishes,  and  give  an  account  of  the  electrical  phenomena  exhibited 
by  these  animals,  with  the  views  entertained  as  to  the  mode  in 
which  the  electiicity  is  developed.  256. 

Describe  the  structm-e  and  functions  of  the  spinal  cord  (not  in- 
cluding the  medulla  oblongata);  and  state  what  has  been  deter- 
mined, experimentally,  -with  regard  to  the  transmission  of  sensory 
and  motor  impressions  tlu-ough  it.  264. 

Describe  the  structure,  obvious  and  microscopic,  of  a  spinal 
nerve  and  its  ganglion.  By  what  evidence  is  it  shown  that  one 
root  of  a  spinal  nerve  is  motor  and  the  other  sensoiy.'  271. 

Describe  the  structure  of  the  medulla  oblongata,  its  connexion 
with  other  pai'ts  of  the  encephalon  and  with  the  spinal  cord,  and 
the  mode  of  origin  of  the  several  nerves  attached  to  it ;  and  state 
what  is  the  present  state  of  oiu-  knowledge  of  the  functions  of  its 
several  parts.  274. 
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State  what  you  consider  to  be  the  functions  of  the  cerebellum, 
and  give  the  grounds  of  your  belief.  278. 

State  what  inferences  as  to  the  functions  of  the  different  parts  of 
the  encephalon  may  be  drawn  from  the  results  of  experiments  on 
that  organ,  and  from  a  comparison  of  its  structure  in  different 
orders  of  animals,  mentioning  the  principal  facts  on  which  such 
inferences  are  founded.  284. 

Give  an  account  of  the  sympathetic  system  of  nerves,  and  define 
the  functions  over  which  it  presides.  What  is  its  general  arrange- 
ment in  the  different  classes  of  vertebrate  animals,  and  how  is  it 
represented  among  the  invertebrate  ?  289. 

What  is  the  intimate  composition  of  the  ganglionic  system  of 
nerves .''  State  the  distinctive  properties  of  organic  nervous  matter. 
In  what  structm-es  is  its  presence  to  be  detected,  and  what  are  its 
functions  in  the  animal  economy  ?  289. 

What  do  you  consider  to  be  the  degree  of  dependence  of  nutri- 
tion and  secretion  upon  the  nervous  system ;  and  what  are  the 
grounds  of  your  belief  ^  293. 

What  is  the  evidence  that  particular  parts  of  the  cerebro-spinal 
nervous  axis  act  as  nervous  centres  for  particular  parts  of  the 
vascidar  system  ?  State  what  is  known  respecting  the  influence  of 
the  nervous  system  in  relation  to  animal  heat  ?  293. 

MOTION. 

Describe  the  nature  of  ciliary  action  ;  enumerate  the  classes  of 
animals  in  wMch  it  is  the  sole  means  of  effecting  the  change  of 
the  respu-atory  medium ;  and  state  the  extent  to  which  it  is  em- 
ployed for  respiratory  and  other  purposes  in  the  human  system. 
297. 

Describe  the  structure,  chemical  composition,  properties,  and 
mode  of  development  and  repair  of  the  white  and  yellow  fibrous 
tissues ;  and  give  an  account  of  their  general  distribution  in  the 
human  body,  and  of  the  functions  to  which  they  are  respectively 
subservient.  298. 

Give  an  account  of  the  cellular  or  areolar  tissue ;  describing  its 
structure,  its  physical  and  vital  properties  and  chemical  composi- 
tion, the  varieties  which  it  presents  in  different  parts,  and  its  mode 
of  distribution  in  the  body.  299. 

Give  an  account  of  the  structure  of  the  adipose  tissue,  its  distri- 
bution in  the  body,  and  the  purposes  it  serves  in  the  animal  eco- 
nomy. 300. 

Give  an  account  of  the  physical  and  chemical  characters,  intimate 
structure,  vital  properties,  and  mode  of  nutrition  of  the  several 
varieties  of  cartilage,  including  fibro-cartilage,  and  explain  the 
purposes  which  they  serve  in  the  animal  body.  301. 
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Give  an  account  of  the  form  and  structure  of  serous  membranes 
in  general,  the  nature  of  their  secretion,  and  the  purposes  which 
they  serve.  303. 

Classify  the  various  kinds  of  joints  in  the  human  body,  giving 
an  instance  of  and  describing  the  mechanical  properties  peculiar 
to  each  kind.  305. 

Give  an  account  of  the  minute  structure  and  chemical  composi- 
/    tion  of  bone  ;  describe  the  mode  of  its  first  formation  and  subse- 
quent increase ;  and  state  the  chief  diversities  which  it  presents  in 
different  classes  of  animals.  306. 

What  are  the  proximate  components  of  recent  human  bone,  and 
how  are  they  quantitatively  determined  ?  307. 

Explain  the  following  points  respecting  the  non-striated  mus- 
cular tissue,  viz. : — the  parts  of  the  body  in  which  it  occurs,  its 
aspect  and  mode  of  arrangement  as  apparent  to  the  naked  eye,  its 
microscopic  characters  and  the  differences  which  it  presents  in 
different  situations.  312. 

Enumerate  the  tissues  which  enter  into  the  formation  of  a  volun- 
tary muscle,  and  describe  their  structure,  their  arrangement  in  the 
muscle,  their  mechanical  and  \ital  properties,  chemical  composition 
and  uses.  State  briefly  the  conditions  and  phenomena  of  muscular 
contraction.  313. 

What  is  the  structure  of  the  different  kinds  of  contractile  tissue  ? 
I  State  the  arguments  for  and  against  the  existence  of  a  m  iusita, 
/     or  inherent  contractile  power  in  muscle.  313. 

Analyse  the  process  of  walking  in  man ;  explaining  the  character 
of  the  forces  which  are  brought  into  play,  of  the  levers  through 
which  they  act,  and  the  conditions  which  regulate  the  rhythm  of 
the  natural  pace  of  any  given  man.  322. 

VOICE. 

In  what  manner  are  the  vocal  sounds  produced  in  the  larynx ; 
upon  what  acoustic  principles  may  their  production  be  explained, 
and  in  what  way  are  they  modified  by  the  actions  of  the  several 
muscles,  which  form  part  of  the  laryngeal  apparatus  324. 

SPECIAL  SENSES. 

Describe  the  secreting  apparatus  of  the  skin,  and  the  respective 
functions  of  its  different  glandulas ;  and  state  the  purposes  of  the 
cutaneous  exhalation  in  the  general  economy,  with  the  principal 
conditions  of  its  variation.  337. 

What  is  the  structure  of  the  human  hair,  and  how  is  it  deve- 
loped 334. 

Give  an  account  of  the  form,  structure,  connexion,  and  mode  ot 
growth  of  the  nails.  333. 
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Give  an  account  of  that  part  of  the  integument  named  the  "true 
skin ;"  describing  its  texture  and  chemical  composition,  the  pa- 
pillae and  furrows  on  its  surface,  the  anangement  of  its  blood- 
k/"  vessels  and  lymphatics,  and  the  mode  of  termination  of  the  cutane- 
ous nerves.  By  what  means  may  the  skin's  sensibihty  in  ditferent 
parts  be  compared ;  and  what  is  the  general  result  of  such  com- 
parison ?  335. 

Whai  are  the  corpuscula  tactus  ?  What  functions  have  been 
ascribed  to  them  ?  and  how  may  the  dehcacy  of  the  sense  of  touch 
in  different  parts  of  the  body  be  estimated  336. 

What  is  the  nature  of  the  muscular  sense  ;  and  what  share  does 
it  take  in  the  performance  of  voluntaiy  movements  ?  336. 

Describe  the  origin  and  general  distribution  of  the  fifth  pair  of 
cranial  nerves,  with  the  attributes  of  its  principal  sub-division  ;  and 
state  the  effects  of  the  intra-cranial  section  of  its  trunk.  345. 

What  is  the  structure  of  the  Human  Tongue  }  and  on  what 
evidence  do  the  received  views  as  to  the  functions  of  its  nerves 
rest  ?  342. 

What  are  the  nerves  by  which  the  tongue  is  supplied  ;  and  what 
may  probably  be  inferred  from  their  distribution,  from  experiment, 
and  from  pathological  obsei-vation,  as  to  their  respective  functions? 
Describe  the  structure  and  the  probable  uses  of  the  different  kinds 
of  lingual  papillae,  in  man  and  other  animals.  345. 

Describe  the  structure  of  the  organs  of  smell  in  man,  noting  the 
^     pecuharities  of  the  olfactory  nerve,  and  explaining  the  mechanism 
by  which  odorous  particles  are  brought  into  contact  -with  the 
Schneiderian  membrane.  349. 
,        Describe  the  structure  of  the  eyeball,  and  explain  the  uses  of  its 
^     several  parts.  358. 

Give  an  account  of  the  structure  and  arrangement  of  the  choroid 
coat  and  iris  ;  mentioning  briefly  the  uses  assigned  to  these  parts 
of  the  organ  of  vision.  361. 

How  is  the  human  eye  adapted  to  distinct  vision  at  different 
distances,  and  how  does  vision  enable  us  to  distinguish  between 
superficial  figures  and  solids  ?  375. 

Describe  and  account  for  the  various  catoptric  phenomena  ex- 
hibited in  the  human  eye ;  and  the  differences  observed  in  some  of, 
these  phenomena  when  the  eye  is  adjusted  to  distant  and  to  near' 
vision.  376. 

Why  do  the  eyes  of  cats  shine  in  comparative  darkness State 
what  becomes  of  a  ray  of  light  which  enters  the  human  eye,  and 
explain  the  principle  of  the  ophthalmoscope.  In  what  way  is  it 
possible  to  see  the  retinal  vessels  and  the  macidaluteain  one's  own 
eye  What  appeai-ances  do  they  present why  is  it  possil)le  that 
the  "  columnar  layer"  is  the  immediate  recipient  of  luminous  im- 
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pressions  ?  What  are  the  conditions  of  single  vision  with  Wo  eyes, 
and  of  double  vision  with  one  eye  ?  375. 

"Which  is  the  least  sensible  part  of  the  receptive  nervous  surface 
of  the  eye,  and  by  what  experiment  may  it  be  domonstrated  ?  379. 

Describe  the  osseous  walls  of  the  tympanum,  and  the  small 
bones  contained  in  that  ca^^ty.  381. 

Describe  the  physiological  effects  of  the  section  and  of  the  irri- 
tation of  the  vagi  nerves,  395. 

REPRODUCTION. 

Give  an  account  of  the  phenomena  classed  under  the  head  of  the 
"  alternation  of  generations."  399. 

Describe  the  form,  movements,  and  development  of  the  sperma- 
tozoa ;  and  state  the  grounds  for  attributing  to  them  the  essential 
part  in  the  act  of  fecundation.  402. 

Describe  the  mammalian  ovum,  and  give  an  account  of  the 
changes  which  it  undergoes  up  to  and  inclusive  of  the  formation 
of  the  placenta.  405. 

Describe  the  first  formation  of  the  sanguiferous  system  in  the 
human  foetus,  and  the  principal  changes  which  it  undergoes,  up  to 
the  establishment  of  pulmonary  respiration.  411. 

Describe  the  sti'ucture  and  offices  of  the  Wolfiian  bodies ;  and 
explain  their  relations  to  the  genital  organs.  412. 

State  the  pecuUarities  of  the  heart,  blood-vessels,  and  liver  of  the 
mature  foetus,  l)y  which  these  organs  differ  from  their  conditions 
in  the  adult.  413. 

Describe  the  principal  stages  of  the  development  of  the  nervous 
centres  in  the  human  foetus ;  and  state  how  far  these  correspond 
with  the  permanent  forms  of  those  organs  in  the  lower  animals. 

PRINCIPLES  OF  DISEASE. 

Describe  the  more  important  changes  the  blood  undergoes  in 
various  acute  and  chronic  diseases  State  the  arguments  in  support 
of  the  doctrine  that  diseases  originate  from  morbid  blood,  and  give 
examples  in  illustration.  419. 

Explain  the  occasional  results  of  hyperemia  (excess  of  blood), 
and  give  examples  of  each.  419. 

Describe  degeneration  of  arteries,  and  discuss  the  effects  arising 
from  this  condition.  453. 

Explain  the  pathology  of  hemorrhage,  the  circumstances  which 
favour  its  occurrence,  and  its  effects,  local  and  general.  425. 

Explain  the  term  atrophy.  Mention  its  causes,  and  show  how 
they  operate  in  producing  either  general  decay,  or  atrophy  of  par- 
ticular organs  or  tissues.  435. 

Describe  the  varieties  of  tubercle,  their  relations  to  each  other, 
and  their  terminations.  447. 
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Describe  the  process  of  suppiiration,  including  an  account  of  the 
various  modes  in  which  purulent  formations  take  place.  449. 

Desci'ibe  the  pathological  characters  of  adenocele,  its  symp- 
toms, diagiosis  from  other  diseases  of  the  breast,  and  the  appro- 
priate treatment.  465. 

Describe  the  varieties  of  cancer,  and  the  mode  in  which  cancer 
affects  the  brain,  the  liver,  and  the  stomach  respectively.  473. 

Enumerate  the  various  chemical  compounds  used  as  disinfectants 
or  deodorizers.  Mention  the  circumstances  which  render  their  em- 
ployment expedient,  and  describe  their  mode  of  application.  "  Lec- 
tures on  Public  Health." 

Give  an  account  of  the  effects  of  muscular  exercise  on  the  various 
organs,  and  its  influence  on  the  general  health.  "  Lectures  on 
Pubhc  Health." 

Explain  briefly  the  meaning  of  the  physiological  terms,  chyme, 
chyle,  sangufication,  absorption,  nutrition,  secretion,  excretion, 
development.    Glossarial  Index. 


ROYAL  COLLEGE  OF  SURGEONS,  ENGLAND. 

DIGESTION. 

Describe  the  process  of  mastication,  the  muscles  employed,  and 
their  respective  actions.  70. 

State  the  position  and  relations  of  the  three  salivary  glands 
of  the  mouth,  and  the  course  of  their  ducts;  and  mention  the  pro- 
perties and  uses  of  the  saliva.  71. 

Give  an  account  of  the  function  of  digestion,  describing  the 
changes  the  food  undergoes  in  its  passage  throughout  the  alimen- 
tary canal,  and  the  means  by  which  these  changes  are  effected. 
80. 

Describe  the  form,  situation,  blood-vessels,  nerves,  and  structure 
of  the  pancreas.  State  the  nature  and  chemical  properties  of  its 
secretion,  and  the  purposes  that  the  pancreatric  fluid  is  supposed 
to  serve  in  the  function  of  digestion.  84. 

CIRCULATION. 

Is  it  proved  that  there  is  a  circulation  of  the  blood  in  the  body 
if  80,  state  the  facts  which  prove  it.  125. 

Describe  the  arrangement  of  the  muscular  tissue  of  the  walls  of 
the  ventricles  of  the  heart,  and  describe  the  source  and  distribution 
of  the  cardiac  arteries,  veins,  and  nerves.  Explain  the  mode  in 
which  the  sounds  of  the  heart  are  generally  supposed  to  be  pro- 
duced. 126. 
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Give  an  account  of  the  structure  of  the  arteries,  capillaries,  and 
veins ;  and  explain  the  part  which  each  set  of  vessels  takes  in  the 
circulation  of  the  blood.  Mention  the  views  generally  entertained 
respecting  the  formation  of  the  pulse.  138. 

RESPIRATION. 

Describe  the  minute  structm-e  of  the  lungs ;  and  state  the  changes 
produced  by  resph-ation  in  the  blood,  and  in  the  respii-ed  air.  152. 

Mention  the  agents,  muscular  or  other,  by  which  the  function 
of  respiration  is  accompUshed.  73. 

Describe  the  form,  the  structure,  and  the  anatomical  relations  of 
the  tonsil;  and  state  what  ai'e  its  functions.  154. 

What  muscles  raise  the  soft  palate  To  what  extent  is  it  ele- 
vated in  deglutition.'  75. 

"Where  is  the  chyle  formed,  what  is  the  mode  of  its  absorption, 
and  how  is  it  conveyed  into  the  blood  ?  100. 

State  the  different  modes  in  which  absorption  is  beheved  to  take 
place,  and  give  an  account  of  the  functions  which  are  ascribed  to 
the  mesenteric  glands,  and  to  the  absorbent  glands  in  general.  100. 

Mention  the  different  forces  that  move  the  blood  both  in  the 
arteries  and  veins  in  man.    What  is  the  arterial  pulse  ?  136. 

Describe  the  structure  of  the  larger  and  smaller  arteries  and  of 
the  capillai'y  vessels,  and  theu"  respective  offices  in  circulation  and 
nutrition.  138. 

Describe  the  mechanism  of  respiration;  the  changes  which  take 
place  in  the  form  and  size  of  the  chest,  and  in  the  lungs;  and  give 
a  short  account  of  the  agencies  by  which  these  changes  are  effect- 
ed. The  origin  and  insertion  of  muscles,  and  the  chemistry  of 
respiration  are  not  included  in  this  question.  154. 

What  are  the  phenomena  of  an  ordinary  inspu'ation  and  expi- 
ration 154. 

What  is  the  average  number  of  respirations  in  a  minute  during 
health  ?  What  is  the  average  amount  of  air  inspired  at  each  in- 
spiration What  is  the  average  extreme  capacity  of  the  lungs  for 
air  in  man,  as  tested  by  a  forcible  expu-ation  following  a  deep  in- 
spii'ation?  157. 

Upon  what  nerves  is  the  impression  made,  and  by  what  nerves  is 
the  notice  transmitted  to  the  cerebro-spinal  axis,  by  which  the  act 
of  coughing  is  induced  ?  Is  the  effort  voluntary  or  involuntary, 
and  how  is  its  nature  in  this  respect  designated  by  physiologists  of 
the  present  day  ?  And  what  are  the  muscular  actions  by  which  a 
forced  or  abrupt  expiration  is  effected  ?  157. 

Give  a  brief  physiological  explanation  of  the  follo\\ing  actions : — 
Coughing.    Sighing.    Sneezing.    Vomiting.  157. 

State  the  composition  of  the  air  we  breathe,  and  the  changes 
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which  the  air  and  the  hlood  undergo  in  their  passage  through  the 
lungs.    J  62. 

SECRETION. 

Enumerate  the  blood-vessels  of  the  liver ;  mention  the  parts  from 
•which  they  severally  arise  ;  and  describe  the  uses  of  the  ditferent 
vessels.  184. 

Give  the  chemical  composition  of  bile ;  and  state  the  purposes 
-which  this  secretion  is  believed  to  effect  both  with  regard  to  diges- 
tion and  to  the  general  system.  187. 

Desci-ibe  the  structure  of  the  kidney,  and  state  the  chemical 
9omposition  of  the  urine.  196. 

What  are  the  causes  assigned  for  the  redundancy  of  lithic  acid 
in  the  urine  ?  How  is  the  excess  ascertained  ?  What  are  the  in- 
jurious effects,  if  the  excess  continue  ?  And  what  is  the  treatment 
of  such  excess,  prophylatic  and  curative  ?  211. 

Wliat  is  hsematuria  ?  Mention  the  sources  from  which  the  blood 
may  be  derived  in  such  cases,  and  state  the  symptons  on  which 
your  diagnosis  would  be  formed.  226. 

INNERVATION. 

Mention  the  principal  situations  in  which  nervous  ganglions  are 
found ;  describe  their  external  appearance  and  internal  structure ; 
and,  finally,  state  theu*  supposed  functions.  250. 

Describe  the  structure,  attachments,  and  processes  of  the  dura 
mater.  State  also  the  situation  and  uses  of  the  several  siuuses 
connected  with  it.  259. 

If  the  tunica  arachnoides  be  considered  to  form  the  serous  cavity 
of  the  cerebro-spinal  axis,  what  is  its  disposition  and  extent  ?  259. 

State  the  pecuharities  of  the  cerebral  circulation,  and  describe 
the  structure  and  arrangements  of  its  arteries  and  veins.  260. 

Describe  the  peculiarities  of  the  circulation  of  the  blood  in  the 
brain ;  and  state  the  reasons  assigned  for  the  peculiarities  in  the 
form,  structure,  aud  disposition  of  the  vessels,  both  afferent  and 
efferent.  260. 

In  what  respects  do  the  blood-vessels  carrying  the  blood  from 
the  brain  differ  from  veins  generally  ?  What  reasons  can  you  give 
for  the  peculiarities  observed  in  the  sinuses  of  the  dura  mater  ? 
263. 

Describe  the  structure  of  the  cervical  portion  of  the  spinal  mar- 
row, and  the  origin  of  the  different  nerves  which  arise  from  it. 
264. 

MOTION. 

What  bones  are  tied  together  by  yellow  ligaments  ?  Describe 
their  structure  and  functions.  298. 
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Describe  the  composition  and  minute  structure  of  bone.  De- 
scribe also  the  original  formation  of  the  flat  bones,  such  as  the 
parietal,  and  of  the  long  bones,  such  as  the  humerus.  306. 

Enumerate  the  different  kinds  of  cartilage  that  exist  in  the  human 
body;  describe  the  peculiarities  of  intimate  structure  that  distinguish 
each  variety,  and  state  the  purposes  which  each  answers.  301. 

Describe  the  minute  structure  of  muscular  fibre.  312. 

Mention  examples  of  muscles  of  the  body  acting  as  levers  of  each 
kind,  and  state  the  reason  for  the  large  preponderance  of  those 
acting  as  levers  of  the  third  kind.  320. 

VOICE. 

What  are  the  functions  of  the  epiglottis  ?  Explain  how  the 
opening  of  the  glottis  is  closed.  324. 

Describe  the  cartilages,  ligaments,  and  muscles  of  the  larnynx, 
stating  their  I'elative  connexions  and  uses.    324 . 

SPECIAL  SISNSES. 

Enumerate  the  structures  vrhich  compose  the  skin,  and  describe 
its  functions.  332. 

Describe  the  formation,  composition,  properties,  and  uses  of  the 
epidermis.  333. 

Describe  the  minute  structm'e  and  mode  of  formation  of  the 
cuticle  nails  and  hairs.  333. 

Describe  the  distribution,  and  generally  supposed  functions,  of 
the  nerves  of  the  tongue.  345. 

Describe  the  course,  relative  connexions,  final  distribution  and 
functions  of  the  3rd  and  1st  division  of  the  5th  ner\'es,  beginning 
with  an  account  of  their  enti'ance  into  the  orbit.  346. 

Describe  the  structure,  connexions,  and  uses  of  the  iris.  Give 
a  description  also  of  its  blood-vessels  and  nerves.  364. 

Describe  the  distribution  of  the  several  nerves  which  go  to  the 
nose.  349. 

Describe  the  structure  and  functions  of  the  eyelids,  with  their 
muscles  and  nerves.  Describe  also  the  lacrymal  apparatus  and 
the  course  of  the  tears.  353. 

What  are  the  actions  of  the  muscles  of  the  globe  of  the  eye  ? 
354. 

Describe  the  tympanum,  its  position  in  the  ear,  its  boundaries, 
the  foramina,  and  eminences  seen  on  its  walls.  Describe  the  ossi- 
cula,  and  the  muscles  attached  to  them.  381. 

Describe  the  Eustachian  tube,  its  composition,  situation,  direc- 
tion, length,  the  size  of  its  tube,  its  openings,  and  use.  383. 

Describe  the  origin,  connexions,  distribution,  and  functions  of 
the  spinal  accessory  nerve.  394. 
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REPRODUCTION. 

Describe  the  structure  of  the  placenta  ;  state  the  changes  which 
the  fcetal  blood  undergoes  by  circulating  in  this  organ,  and  the 
mode  by  which  those  changes  are  effected.  410. 

Describe  the  ckculation  of  the  blood  through  the  foetal  heart. 
413. 

PRINCIPLKS  OF  DISEASE. 

Describe  the  processes  by  which  simple  and  compound  fractures 
are  united;  and  state  the  periods  wliich  they  usually  occupy. 
440. 

Describe  the  signs  of  inflammation  in  an  external  part.  Describe 
also  the  state  of  the  vessels  and  the  blood  in  a  part  which  exhibits 
the  signs  of  a  fully  developed  inflammation.  And  describe  what 
changes  take  place  in  "resolution"  of  the  inflammatory  attack. 
443. 

Describe  the  mode  of  union  in  the  case  of  an  incised  wound. 
Describe  how  far  the  process  may  be  considered  inflammatoiy, 
whether  the  union  may  be  effected  without  any  marks  of  inflam- 
mation, and  in  what  manner  inflammation  may  interrupt  the  process 
of  union.  438. 


ARMY  MEDICAL  DEPARTMENT. 
Examiners — Professors  Paget,  Busk,  Parkes,  and  Hooker. 

INTRODUCTION. 

"What  are  the  principal  modifications  of  cell-structure  in  the 
animal  and  vegetable  kingdoms Give  some  examples  of  morbid 
cell-development  in  the  animal  system.  13. 

NATURAL  HISTORY  OF  MAN. 

What  are  the  prominent  differences  between  the  skeletons  of 
simiada;  and  man  ?  18. 

Describe  the  vertebral  column,  its  relations  and  functions. 
Define  a  typical  vertebra  in  the  terms  employed  by  Professor 
Owen.  24. 

Describe  a  typical  vertebra  in  the  language  employed  by  Prof 
Owen,  and  point  out  in  accordance  with  this  the  homologies  of  the 
atlas,  axis,  and  third  cervical  vertebra.  25. 

What  are  the  principal  modifications  of  the  skull  in  the  races  of 
man  ?  32. 

34 
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"What  are  the  principal  races  of  man ;  how  are  they  distinguished 
and  distributed  over  the  sm-face  of  the  globe  ?  33. 

Enumerate  the  five  principal  races  of  man ;  give  their  distinctive 
characters  and  native  countries.  33. 

CHEMISTRY  OF  MAN. 

What  are  meant  by  proximate  principles  in  plants  and  animals  ? 
Give  examples  and  state  their  chemical  composition.  45. 

State  concisely  the  general  distinctions,  structural,  physiological, 
and  chemical,  between  the  animal  and  vegetable  kingdoms.  51, 
et  postea. 

In  what  parts  of  the  animal  system  does  phosphorus  exist,  and 
in  what  states  of  chemical  combination?  41. 

Give  briefly  the  chai-acters  and  properties  of  protein,  fibrin, 
gluten,  starch,  casein,  elaiu,  stearin,  and  legumin.  46. 

DIGESTION. 

Mention  the  principal  heads  under  which  alimentary  substances 
may  be  arranged,  and  give  one  or  more  instances  of  substances 
belonging  to  each  group.  52. 

What  is  meant  by  nitrogenous  principles  in  food.-*  Give  examples 
of  nitrogenous  and  non-nitrogenous  foods.  52. 

Which  is  most  nutritious,  rice-flour  or  pea-flour  ?  Upon  what 
do  their  relative  qualities  as  articles  of  diet  depend?  57,  and 
"  Lectures  on  Pubhc  Health." 

To  what  constituents  are  the  nutritious  properties  of  wheaten 
bread  due  ?  Give  their  chemical  composition,  and  explain  the 
changes  they  respectively  undergo  during  the  operation  of  masti- 
cation and  digestion.  58. 

Describe  the  difterent  Idnds  of  epithehum  and  where  they  occur ; 
and  state  particularly  on  which  or  on  what  parts  of  the  mucous 
membrane  ciliated  epithelium  is  found.  64. 

Describe  the  mucous  membrane  in  the  various  di\isions  of  the 
ahmentary  canal,  commencing  at  the  mouth.  64. 

Describe  the  order  of  succession  of  the  teeth  at  different  periods 
of  life,  and  the  mode  in  which  they  are  developed  in  the  foetus. 
69. 

Give  an  account  of  the  structure  of  the  suhmaxillaiy  and  sub- 
lingual glands,  and  of  the  composition  and  physiological  properties 
of  their  secretion,  noticing  how  far  the  latter  agree  with  or  differ 
from  those  of  the  parotid  secretion.  71. 

How  is  starch  converted  into  sugar  in  the  animal  economy? 
73. 

Describe  minutely  the  structure  and  functions  of  the  mucous 
membrane  of  stomach.  77. 
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Describe  the  processes  of  digestion  and  absorption  of  bread, 
meat,  and  milk.  80. 

Describe  the  process  of  digestion  in  man  pointing  out  particu- 
larly the  functions  of  the  liver  and  the  purpose  of  biliary  secretions, 
and  state  what  changes  are  apparent  in  the  chyle,  after  it  has 
passed  through  the  mesenteric  glands.  84. 

Write  diet-tables,  such  as  you  may  have  seen  in  any  hospital, 
distinguishing  "  Full  Diet,"  "  Half  or  Middle  Diet,"  and  "  Low 
Diet."  60. 

Describe  the  duodenum ;  the  structure  of  its  various  coats  ;  its 
vessels,  nerves,  relations  to  other  parts,  and  its  physiological 
function.  87. 

Give  a  full  account  of  the  structui'e  and  physiological  functions 
of  the  duodenum  and  pancreas.  84. 

Describe  the  process  and  products  of  digestion  and  the  mode  in 
which  the  latter  are  disposed  of.  81. 

Give  a  description  of  the  ccecum  and  the  ilUo  colic  valve ;  and 
state  the  difference  in  point  of  structm'e  between  the  large  and 
small  intestines.  90. 

Name  and  describe  briefly  the  form  and  indicate  the  site  and 
distribution  of  the  minute  glands  which  compose  or  are  found  in 
the  mucous  membrane  of  the  alimentary  canal.  88. 

ABSORPTION. 

Give  a  general  account  of  the  lacteal  and  lymphatic  systems,  in- 
cluding the  minute  structm'e  of  the  lymphatic  vessels  and  glands. 
99. 

Give  an  account  of  what  is  known  respecting  the  structure  and 
functions  of  the  lymphatic  glands.  102. 

Describe  the  mode  in  which  the  absorption  of  different  sub- 
stances  is  effected  in  the  stomach  and  intestines,  indicating  also 
the  com-se  of  the  chyle  and  the  changes  it  undergoes  in  its  passage 
to  the  blood.  100. 

BLOOD. 

Describe  the  human  blood,  its  physiological,  physical,  and  che- 
mical properties  ;  the  mode  of  development  of  the  corpuscles ;  and 
mention  the  distinctive  pecuharities  of  the  blood  in  various  other 
mammals,  in  birds,  fishes,  and  reptiles.  107. 

Describe  the  process  of  coagulation  of  the  blood,  noticing  the 
principal  explanations  of  it  that  have  been  offered,  and  the  condi- 
tions by  which  it  is  hastened,  retarded,  or  prevented,  within  or 
without  the  body.  118. 

CIRCULATION. 

Describe  the  mechanism  of  the  heart's  action  ;  the  sounds  at- 
tending it,  and  their  cause.  127. 
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What  are  the  conditions  upon  which  the  rhythmical  movements 
of  the  heart  depend,  and  to  what  causes  are  its  sounds  due' 
133. 

Give  an  account  of  the  structure  and  properties,  physical  and 
vital,  of  a  middle-sized  artery,  and  of  the  capillary  vessels. 
138. 

Describe  the  structure  of  the  walls  of  the  larger  and  smaller 
arteries,  veins,  lymphatics,  and  capillaries.  138. 

RESPIRATION. 

Describe  the  minute  structure  of  the  human  lung  and  the  nature 
of  the  respiratory  process.  152. 

Under  what  circumstances  or  what  conditions  of  age,  sex,  stature, 
or  configuration  of  the  chest  is  the  extreme  inspiratory  capacity 
(vital  capacity)  of  the  thorax  augmented  or  diminished  ?  and  men- 
tion the  average  inspiratory  capacity  of  a  healthy  man  about  5  feet 
10  inches  in  height.  159. 

State  precisely  how,  and  to  what  extent,  air  is  vitiated  by  respi- 
ration and  cutaneous  transpiration ;  what  quantitj'  of  air  is  required 
by  a  healthy  adult  in  a  given  time,  and  how  this  air  can  be  best 
supphed.    162,  and  "  Lectures  on  Public  Health." 

What  are  the  mechanical  and  chemical  constituents  of  the  at- 
mosphere ;  and  in  what  way  does  an  excess  of  any  of  these  consti- 
tuents affect  the  human  frame  ?  162. 

Mention  the  circumstances  which  increase  or  diminish  the  amount 
of  carbonic  acid  exhaled  by  animals.  163. 

What  noxious  gases  ai'e  most  frequently  met  vrith  in  nature, 
and  what  are  their  effects  on  animal  life  ?  165,  and  "  Lectm-es  on 
Pubhc  Health." 

What  are  the  physiological  effects  in  man  of  suspended  or  defi- 
cient respiration  ?  166. 

Indicate  the  sources  of  heat  in  animals,  the  cuxumstances  by 
which  it  is  augumented  and  diminished,  and  the  means  by  which 
it  is  prevented  rising  beyond  a  certain  point.  171. 

To  what  orders  do  most  of  the  hybernating  animals  belong  ? 
Give  examples :  and  describe  the  condition  of  their  functions  during 
hybernation.  170. 

SECRETION. 

Arrange  the  secretions  and  excretions  relative  to  their  re-action 
with  test-paper.    181,  et  postea. 

Enumerate  the  various  excretions,  indicating  the  average  daily 
amount  of  each  in  an  adult  man  ;  and  indicate  the  sources  whence 
they  are  derived  and  the  channels  through  which  they  are  elimi- 
nated. 177. 
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Describe  the  minute  structure  of  the  liver  and  the  functions  of 
that  organ.  184. 

Describe  the  minute  anatomy  and  the  functions  of  the  kidney, 
noticing  the  sources  whence  the  principal  elements  contained  in  its 
secretion  ai'e  derived.  197. 

Describe  the  characters  and  tests  of  the  following  deposits  in 
urine :  lithic  acid,  triple  phosphate,  oxalate  of  lime,  mucus,  pus. 
210. 

Describe  the  microscopic  characters  of  the  following  urinary 
sediments :  ammoniaco-magnesian  phosphate,  uric  acid,  cystine, 
gi'anular,  and  hyaline  casts,  renal  epithelium,  and  blood.  210. 

Under  what  circumstances  is  sugai-  found  in  the  mine  of  men  ? 
219. 

What  are  the  microscopic  characters  of  yeast,  staixh,  milk,  and 
blood 220. 

Enumerate  some  of  the  principal  diseases  in  which  albumen 
may  be  found  temporarily  or  permanently  in  the  urine.  225. 

Wliat  are  the  principal  diseases  attended  with  discharge  of  pus 
in  the  mine and  how  may  they  be  severally  distinguished.  226. 

DUCTLESS  glands'. 

Describe  the  minute  anatomy  of  the  spleen,  and  the  pecuHari- 
ties  of  splenic  blood.  237. 

INNERVATION'. 

Describe  the  minute  structure  of  the  white  and  grey  substances 
of  the  brain.  248. 

Describe  the  nei-vous  and  muscular  tissues,  distinguishing  the 
different  kinds  of  each,  Avith  the  functions  assigned  to  each  re- 
spectively.   248,  et  postea. 

Describe  the  structure  of  a  nei-vous  ganglion.  250. 

Describe  the  anatomical  structure  of  the  spinal  cord  and  its 
physiological  relations.  264. 

Descril)e  what  is  meant  by  "reflex  action"  as  appUed  to  the 
nervous  system;  and  give  instances  of  the  various  phenomena  at- 
tributed to  its  influence.  267. 

State  the  usual  direct  and  remote  consequences  of  fi-acture  of 
the  spine,  with  crushing  of  the  spinal  cord  in  the  lower  part  of  the 
cervical  region  and  explain  them  physiologically.  270. 

What  are  the  immechate  and  remote  effects  of  the  division  of  the 
lateral  half  of  the  spinal  cord  in  the  dorsal  region  ?  270. 

Descril)e  tlie  minute  structure  and  functions,  so  far  as  they  have 
lieen  determined  by  experiments  of  the  spinal  cord  and  medulla 
oblongata.  274. 
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Point  out  the  situations  of  the  ganglia  of  the  sympathetic  in  the 
head  and  neck,  and  describe  their  connexions  with  other  nerves. 
289. 

MOTION. 

Give  the  physical  and  chemical  characters  of  yellow  elastic 
tissue,  and  notice  the  principal  situations  in  which  it  exists  in  the 
human  body.  298. 

Describe  the  structure  of  the  permanent  cartilaginous  tissues  in 
the  human  body,  noticing  the  parts  in  which  they  occur,  and  the 
uses  to  which  they  are  subservient.  301. 

Describe  the  principal  morbid  changes  to  which  articular  car- 
tilages are  liable.  302. 

Classify  the  various  kinds  of  articulation,  giving  an  instance  of, 
and  describing  the  motions  peculiar  to  each  kind.  305. 

Describe  the  minute  structure  and  modes  of  development  of 
bone.  308. 

SPECIAL  SENSES. 

Describe  the  structure  and  functions  of  the  skin  ;  indicating  the 
principal  differences  existing  in  various  parts  of  the  body.  332. 
Describe  the  lachrymal  apparatus.  354. 

Describe  and  explain  the  symptoms  of  complete  paralysis  of  one 
of  the  3rd  or  oculo-motor  pair  of  nerves.  357. 

Describe  the  minute  structure  of  the  sclerotic,  cornea,  and  iris. 
358. 

Describe  the  physiological  effects  of  division  or  injury  of  the 
portio  dura  above  the  point  where  it  gives  off  the  chorda  tympani 
nerve.  394. 

Describe  the  structure  of  the  retina.  368. 

Give  a  full  account  of  the  anatomical  and  physiological  relations 
of  the  pneumogastric  nerves.  395. 

Describe  the  physiological  effects  of  the  di\'ision  of  the  vagi 
nei"ves.  396. 

What  is  the  cause  of  the  suffocation  which  usually  supervenes 
upon  division  of  the  inferior  larjmgeal  nerves,  or  of  the  trunk  of 
the  pneumogastric  nerve  above  those  branches  ?  and  state  what 
muscles  of  the  laiynx  are  suppUed  with  motor  power  by  the  supe- 
rior laiyngeal  nei-ve.  396. 

REPRODUCTION. 

Wliat  is  meant  by  the  alternation  of  generations?  How  are 
plants  distinguished"  from  animals,  and  both  from  inorganic  sub- 

Describe  the  structure  of  the  "ovum"  in  the  bird  and  mammal; 
and  the  essential  conditions  of  impregnation.  405. 
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"VMiat  are  the  decidua,  chorion,  amnion,  and  vesiciUa  umbili- 
calis,  and  describe  their  relations  to  the  foetus  in  the  human  sub- 
ject.' 409.  .  , 

Give  an  account  of  the  mode  of  development  of  the  kidney,  from 
the  earhest  period;  do  the  same  also  with  respect  to  the  testis. 

Mention  the  properties  by  which  living  bodies  and  tissues  are 
distinguished  from  dead.  417. 

PRINCIPLES  OF  DISEASE. 

Enumerate  the  better  known  abnormal,  chemical,  and  physical 
alterations  of  the  blood.    4 19. 

What  are  the  causes  of  enlargement  of  the  spleen  ?  How  would 
you  recognize  such  enlargement  ?  What  microscopical  conditions 
of  blood  may  be  coincident  with  it  ?.  422. 

What  are  the  most  usual  views  now  held  of  the  nature  and  con- 
sequences of  thrombosis  and  embolism  ?  428. 

What  are  the  chief  causes  of  blocking  up  blood  vessels  (arteries 
and  veins)  ;  and  what  are  the  results  of  blockage  of  arteries  at  the 
base  of  the  brain,  of  the  pulmonaiy  arteries,  and  of  femoral  veins. 
428. 

Describe  the  processes  by  which  hemorrhage  fi-om  a  completely 
divided  artery  may  be  naturally  arrested,  and  those  which  follow 
the  tying  of  an  arteiy  so  divided.  441. 

Describe  the  states  of  the  circulation  in  the  conditions  named 
respectively  :  active  congestion,  passive  congestion,  and  acute  in- 
flammation, as  exemplified  in  the  eye  or  skin.  442. 

D  escribe  the  phenomena  of  inflammation  as  seen  with  the  naked 
eye,  in  consequence  of  a  foreign  body,  such  as  a  small  fragment  of 
metal,  lodged  in  the  substance  of  the  cornea.  443. 

Describe  and  compare  the  principal  effects  of  acute  inflamma- 
tion in  the  mucous,  serous,  and  synovial  membranes,  taking  for 
instances  the  conjunctiva,  tunica  vaginalis,  and  synovial  membrane 
of  the  knee.  446- 

Describe  "union  by  the  first  intention,"  and  state  the  best  means 
of  promoting  it.  438. 

Describe  the  process  of  healing  by  granulations,  and  some  of  the 
most  fi-equent  appearances  of  unhealthy  granulations.  438. 

Describe  the  chief  varieties  of  pus  ;  such  as  are  called  laudable, 
sanious,  ichorous,  strumous,  &c.  Mention  then-  principal  micro- 
scopic characters,  and  what  they  severally  indicate.  449. 

Describe  the  process  for  the  separation  of  a  slough  of  the  inte- 
gument, and  that  for  the  healing  of  the  smface  exposed  by  its  re- 
moval. 452. 

What  arc  the  chief  conditions,  independently  of  direct  injury  by 
violence,  in  which  gangrene  of  the  lower  extremities  occurs.'  De- 
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scribe  particularly  the  state  of  the  blood  vessels  and  their  contents 
above  the  gangrenous  part.  452. 

In  the  case  of  a  patient  with  fracture  of  the  spine  and  complete 
crushing  of  the  spinal  cord  in  the  lower  dorsal  region,  vrhat  evils 
may  be  expected  to  ensue  in  the  paralysed  parts,  and  how  may 
they  best  be  prevented  or  remedied  if  they  occur.  452. 

Enumerate  the  principal  entozoa  which  infest  the  human  subject, 
and  state  what  you  know  of  their  habits.  488. 

Define  the  terms  catalysis,  dialysis,  fermentation,  amalgamation, 
hybernation,  endosmose,  crystallization,  idiosyncrasy,  psychology, 
ontology.    Glossai'ial  Index. 


GLOSSARIAL  INDEX. 


Abdomen  {abdo,  I  conceal.)  The 
cavity  containing  the  digestive 
organs. 

Abdominal  Respiration.  154. 

Abduction.  A  motion  by  which 
one  part  of  the  body  is  re- 
moved from  another.  305. 

Aberration  chromatic.  False 
colom'ing  of  an  optical  image. 
376. 

Aberration  spherical.  Indis- 
tinctness of  vision,  cansed  by 
formation  of  images  on  the 
fi-ont  of  the  lens.  376. 

Abnormal  {ab,  from  ;  norma,  a 
rule).     Unnatural  diseases. 

Abortion.  The  expulsion  of 
the  foetus  before  the  seventh 
month. 

Abscess  {abscedo,  I  depart 
from).    A  collection  of  pus. 

Absorbents  {absorbeo,  I  suck 
up).  The  lacteals  and  lym- 
phatics. 99. 

Absorption.  The  imbibition 
of  fluid.  94. 

Absorption,  Interstitial. 

AcARDiAC  (ot,  not ;  KapZia,  a 
heart).  "Without  a  heart.  135. 

AcARUs  ScABiEi.  The  itch 
mite. 

Accidental  elements.  38. 
Acephalous  (a,  not ;  Ka<payr], 

a  head).    Without  a  head. 
Acetabulum  (a  saucer).  The 


cavity  for  the  reception  of  the 
head  of  the  thigh  bone. 

Achromatism  (a,  not ;  xP^i'^'"' 
colour).  The  production  of 
images  without  the  decom- 
position of  light.  376. 

Acne.    A  papular  eruption. 

Acoustics  {aKovco,  I  hear).  The 
science  which  treats  of  the 
phenomena  of  sound.  388. 

Acromion  (aKpos,  high  ;  co/xos ; 
shoulder).  The  highest  pro- 
cess of  the  scapula. 

Actual  cantery.  Burning  by 
heated  instilments. 

Acupuncture  (acus,  a  needle 
pungo,  I  prick).  The  opera- 
tion of  puncture  with  a  needle 

Acute  Diseases.  Violent  and 
rapid. 

Adaptation  of  the  eye  to  vision 
at  varying  distances.  375. 

Adduction  {adduco,  I  draw  to). 
The  act  of  drawing  towards. 
305. 

Adenitis  {aS-tjv,  a  gland ;  itis, 
denoting  inflammation).  In- 
flammation of  a  gland. 

Adenoid,  resembling  a  gland. 

Adhesive  Inflammation.446. 

Adipocere  (adeps,  fat;  cera, 
wax).  A  peculiar  waxy  sub- 
stance produced  in  animal 
bodies  by  the  evolution  of 
their  nitrogen;  Grave  wax.  453 
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Adipose  tissue.  Tissue  con- 
taining fat.  300. 

Adventitious  products.  447. 

Adynamic  (d,  not ;  Swa/xis, 
power).  Powerless. 

iEGOPHONY  (oi|,  a  goat ;  cpcoi/r), 
voice).  A  peculiar  sound  of 
voice,  audible  iu  the  chest  in 
some  diseases. 

Aerated  bread.  58. 

Aeration  {arjp,  air).  Exposure 
to  the  air  or  gases.  162. 

Afferent  Nerves  {affero,  I 
bring).  Nerves  that  carry 
sensation  to  the  centres.  267. 
Those  vessels  entering  the 
Malpighian  tufts.  197. 

After  btrth.  The  fcetal  ap- 
pendages. 414. 

After  Sensations.  340. 

Age,  in  relation  to  pulse.  137. 

Aggregate  or  Agminate  Glands, 
intestinal  glands  described  by 
Peyer.  89. 

AauE  CAKE.  The  enlarged 
spleen.  422. 

Air.  Composition  of,  161 — 
amount  of  respired,  158 — 
changes  of  in  respiration,  162. 

Air  Cells  of  lungs.  152. 

Albino  (albus,  white).  An  ani- 
mal in  which  all  pigment  is 
absent  in  skin,  hau-,  or  eyes. 
364. 

Albumen.  A  proximate  prin- 
ciple of  organic  bodies,  46 — 
its  relation  to  fibrin,  114. 

Albuminoids.  Substances  re- 
sem])hng  albumen,the  protein 
compounds.  45. 

Albuminuria.  222. 

Alcohol.  As  food,  53 — its  in- 
fluence on  respiration,  163. 

Aliment  {alo,  I  nourish).  Food. 
51. 


Alkali.  A  substance  ha'V'ing 
the  property  of  neutrahzing 
acids,  and  turning  vegetable 
blues  to  green. 

Alkalies  of  blood.  116. 

Alkaloid  Substances.  Such 
as  morphia,  analogous  to  alka- 
lies. 

Allantois  (dAA.oy,  a  sausage  ; 
eiSos,  like).  One  of  the  mem- 
branes of  the  foetus.  412. 

Allotropism.  The  capability 
of  existing  in  two  or  more 
chemical  or  physical  states. 

Alopecia  (SAwttijI,  a  fox). 
Baldness. 

Alto.  A  variety  of  female  voice. 
328. 

Alveolus.  A  cell  or  socket ; 
the  cavity  for  a  tooth.  69. 

Alveoli,  of  Stomach.  77. 

Alvine  (alvus,  the  belly).  Be- 
longing to  the  belly. 

Amaurosis  {afiavpos,  dark). 
Bhndness  fi"om  defect  or  loss 
of  power  of  nervous  system. 

485. 

Amblyopia  (oyuSAws,  dim  ;  <ci|', 

the  eye).     Dim   \dsion,  or 

slight  amaurosis. 
Amenorrhcea  (d,  not ;  yuTjj/,  a 

month ;  peca,  I  flow).  Ab- 
'  sence  of  the  menstrual  secre- 
tion. 420 
American  Indians.  35. 
Ammonia  in  the  blood,  121 — 

cyanate  of, 207— urate  of,  210. 
Amnion  {ajxviov,  a  bowl).  A 

membrane  of  the  foetus.  412. 
Amorphous  (d,  not ;  fiopcp/i, 

form),  shapeless. 
Amphiarthrosis    {afjL'pis,  on 

both  sides ;  apQpov,  a  joint). 

A  form  of  joint  with  slight 

motion.  305. 
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Amphibious  {l3ios,  life).  Living 
under  two  different  conditions. 

Amphoric  (a»iji;/iora,apitclier). 
Applied  to  a  peculiar  sound, 
like  one  speaking  into  an 
empty  pitcher. 

Ampull/e.  The  dilated  portions 
of  the  semi-circulai'  canals  in 
the  ear,  385  ;  the  dilated  lac- 
tiferous ducts  in  the  mamma. 
180. 

Amylaceous  Substances  (a- 
mylum,  starch).  Bodies  re- 
sembling starch,  42 — diges- 
tion of,  84. 

Amyloid.    Resembling  starch. 

Anaemia  (a  not ;  al^a,  blood). 
Want  of  blood.  420. 

Anesthesia  (dnot;  alo9avofj.ai, 
I  feel).  Loss  of  feeling  or 
sensation. 

Analogy  {avaAoyia,  an  agree- 
ment).  Functional  similarity. 

Anasarca  {ava,  through ;  trap|, 
flesh).  Effusion  of  serum  into 
the  general  cellular  tissue  of 
the  body. 

Anastomosis  (o-rojua,  a  mouth). 
A  direct  communication  be- 
tween vessels  as  by  open 
mouths.  141. 

Anatomy  (ava,  asunder ;  refivoo, 
I  cut).  The  science  which 
treats  of  the  structiu-e  of  or- 
ganized beings. 

Anchylosis  {ayiwAeu,  I  bend). 
An  immovable  state  of  a  joint. 

Anencephalic  (a,  not;  €7/ce- 
(paAov,  the  brain).  "Without 
brain. 

Aneurism  (ava,  through;  evpv- 
vw,  I  widen).  A  dilation  of 
an  artery  from  disease  orinjuiy 
of  its  coats. 

Aneurism  by  anastomosis.  467. 


Anfractuosity  (anfractus,  a 
winding).  Irregularities  of 
sui-face  usually  applied  to 
brain.  283. 

Angina  Pectoris.  A  painful 
chest  disease. 

Anhydrous  (a,  not  ;  uSwp, 
water).   Without  water. 

Angioleucitis  (0776(0;',  a  ves- 
sel ;  \evKOi,  white).  Inflam- 
mation of  the  lymphatics  or 
white  vessels. 

Animal,  characters  of  an,  51 — 
food,  54 — heat,  168. 

Anodyne  (a  not ;  oBufr],  pain). 
A  medicine  which  reUeves  pain. 

Anomalous  {o/xaKos,  equal). 
Irregular,  a  departure  from  a 
general  ride. 

Anoplotherium  (a,not;  o7r\oj/, 
a  weapon ;  Oripiou,  a  beast). 
A  pachydermatous  fossil  ani- 
mal without  organs  of  de- 
fence. 20. 

ANORExiA(op6|ts, desires).  Loss 
of  a])petite. 

Anterior  pyramids  of  medulla 
oblongata.  274. 

Anthelmintic  {auri,  against; 
eA/iirs,  a  worm.  Capable  of 
destroying  entozoa  or  internal 
worms. 

Anthropoid  (avOpoiros,  a  man). 

Resembling  man.  18. 
Anthropology.    The  science 

which  concerns   itself  with 

mankind.  17. 
Antiperistaltic  Action.  90. 
Antiseptic  (o-rjTrw,  I  separate). 

Preventing  putrefaction. 
Antispasmodic  {a-rcaw,  Ickaw). 

Preventing  or  stopping  spasm. 
Aorta  (aeto-w,  I  carry).  The 

vessel  which  carries  arterial 

blood  from  the  heai't.  141. 
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Aortic  Valves.  128. 
Apnoea  (a,  not ;  weo,  I  breathe 

Suspension  of  breathing.  165. 
Aponeurosis  (otto,  from;  yev- 

pov,  a  nerve  or  tendon.  A 

fibrous  expansion  or  fascia. 

298. 

Apophysis  (btto,  from,  (pvw,  I 
grow).  A  prominence  from 
the  surface  of  a  bone.  311. 

Apoplexy  (w\7]a(Tu,  I  strike). 
Loss  of  consciousness  and 
voluntary  motion  from  a  cere- 
bral lesion. 

AauA  MoRGAGNi.  Fluid  sup- 
posed to  exist  within  the  cap- 
sule of  the  crystallinelens.367. 

AauEDUCTus  Cochlea.  A 
canal  leading  into  the  cochlea. 
386. 

AauEDtJCTus  Fallopii.  The 
passage  for  the  transmission 
of  the  portio  dura  nerve. 

AauEDucTUS  Vestibuli.  a 
canal  transmitting  a  vein  from 
the  vestibule.  394. 

AauEOus  Humour.  The  fluid 
occupying  that  portion  of  the 
eyeballinfront  of  the  lens.366. 

AauEous  Food.  52. 

Arachnoid  {apaxvi},  a  spider's 
web).  The  serous  meml)rane 
covering  the  brain.  259. 

Arbor-vit^.  277. 

Archencephala  {apxos,  chief ; 
eyKi<po.\os,  the  brain).  The 
highest  sub-class  of  mammaUa 
according  to  Owen,  including 
man  only.  17. 

Archetype  (oox'7,  a  beginning; 
rviros,  a  type).   A  model.  25. 

Arciform  {areus,  a  bow). 
Curved,  applied  to  some  fi- 
bres in  the  medulla  oblon- 
gata. 274. 


Arcus  senilis,  a  fatty  ring 
round  the  cornea  indicative  of 
degeneration. 

Area  Pellucida.  Part  of  the 
germinal  vesicle.  409. 

Areolar  Tissue.  The  con- 
nective tissue,  consisting  of 
interlaced  fibres  of  white  and 
yellow  fibrous  tissues.  299. 

Artery  {avpt  air ;  TTjpew,  I 
keep).  A  vessel  carrying  red 
blood  from  the  heart.  138. 

Arterial  Blood,  properties  of. 
118. 

Arteries,  structure  of,  138 — 
elasticity  of,  141 — irritabiUty, 
142— force  of  blood  in,  135. 

Arthrodia  (apOpow,  I  articu- 
late). A  movable  articulation 
between  bones  with  flat  sur- 
faces. 305. 

Arthritis.  Inflammation  of 
joints,generally  apphedtogout. 

Articulata  (ariiculus,  a  joint). 
That  division  of  the  animal 
kingdom  consisting  of  jointed 
invertebrate  animals. 

Articulate  Sounds.  329. 

Arytenoid  Cartilage  (apv- 
Taiva,  a  pitcher).  One  of  the 
cartUages  of  the  laiynx.  323. 

Ascites  {acxKos,  a  leather  bag). 
A  collection  of  fluid  in  the 
abdomen. 

Asphyxia  (a  not ;  o-^nlis,  the 
pulse).  SulFocation;  formerly 
failure  of  the  pulse.  165. 

Assimilation.  The  process  by 
which  our  food  is  converted 
mto  living  tissue.  244. 

Asthenia  (a,  not;  adevos, 
strength).  Weakness,  want 
of  strength. 

Asthma  (dw,  I  blow).  Spas- 
modic dyspnoea.  156. 
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Astringent  {stringo,  I  bind). 
Coutracting,  binding.  98. 

Atavism.  The  transmission  of 
a  peculiarity  from  grand-pa- 
rent to  grandchild.  416. 

Atelectasis  (reAos,  an  end; 
eKreiva,  I  stretch).  Imperfect 
expansion.  158. 

Atheroma  (iOripr],  pomdge). 
A  pulpy  substance  found  in 
diseased  arterial  coats. 

Atrophy  (a  not ;  rpe^w,  I 
nourish).  Wasting  or  want 
of  nourishment.  435. 

Auditory  Meatus,  external, 
381— internal,  387. 

Auditory  Nerve.  387. 

Auricle.  The  external  ear,  380 
— of  the  heart,  127. 

Automatic  Action.  270. 

Axis  Cylinder  of  nerve  fibre. 
249. 

Azote  or  Nitrogen.  165. 

Balanitis  {PaXavos,  the  glans 
penis).  Inflammation  of  the 
glans  penis. 

Barytone  (jSapus,  heavy).  A 
variety  of  male  voice  inter- 
mediate between  bass  and 
tenor.  328. 

Basement  Membrane.  64. 

Bass.  The  lowest  variety  of 
the  male  voice.  328. 

Bicuspid  (bis,  twice  ;  cuspis,  a 
spear).  Two-pointed  teeth.  66. 

Bifurcation  {bis,t\mc&;  furca, 
a  fork.)    Binary  division. 

Bile.  Analysis  of,  187 — quan- 
tity of,  187— uses  of,  189. 

BiLiPH.EiN  [hili.s,h\^e.).  The  bile 
pigment  or  coloring  matter.  49. 

liiLivERDiN  {viridin,  green)  A 
supposed  green  colouring  mat- 
ter in  the  bile.  188. 


BiLiFULViN  (fulvus,  ycUow). 
A  variety  of  bile  pigment  of  a 
yellow  colour.  49. 

BiMANA  (bis,  two;  manus, 
hand).  Two-handed,  an  or- 
der of  mammalia  including 
man  only.  17. 

Bladder,  Urinaiy.  203. 

Blephrospasmus  {l3\e(papou, 
eyelid;  a-iraw,  I  draw).  A 
spasmocUc  closure  of  the  eye- 
lids, usually  seen  in  strumous 
ophthalmia. 

Blennorrhosa  ()8A.6wa,mucus; 
pew,  I  flow).  A  mucous  dis- 
charge, a  term  used  for  go- 
norrhoea 

Blood,  105 — analysis  of,  116 — 
coagulation  of,  118 — coqjus- 
cles,  107— force  of,  135— 
pbysical  characters,  107 — 
quantity,  136 — velocity,  136 
— venous,  118 — ^vital  proper- 
ties of,  118. 

Bone.  Structure  of,  308 — che- 
mical composition,  306 — mi- 
neral matter,  306 — repair  of, 
260. 

Brachial  {brachium,  the  arm), 
belonging  to  the  arm. 

Brain.  Analysis  of,  247 — cir- 
culation in,  260 — fats  of,  247 
— development,  411. 

Branchiae, or  gills;  the  aerating 
organs  of  fishes. 

Bread.  58. 

Breathing  or  Tidal  air.  158. 

Bronchial  Tubes  {^poyxos. 
the  windpipe).  The  second- 
ary divisions  of  the  ah-  tubes. 
152. 

Bronchophony  {<povri,  sound). 
The  sound  produced  by  the 
passage  of  air  through  the 
bronchi. 
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Bronchotomy.  The  operation 
of  opening  the  air-passages. 

Bruit  MuscuLAiRE.  The  sound 
of  muscular  contraction.  131. 

Brunner's  Glands.  Small 
glands  in  the  duodenum.  88. 

Buccal  Glands.  71. 

Buccinator  (buccina,  a  trum- 
pet). The  muscle  that  com- 
presses the  ail"  in  the  mouth 
when  blowing  wind  instru- 
ments. 346. 

BuFFY  Coat  of  blood.  122. 

BuRS^.  Synovial  sacs  to  ob- 
viate friction  on  prominent 
bony  points.  304. 

Cachexia   {kukos,  bad;  i^is, 

habit).    A  deranged  state  of 

the  constitution. 
Cacoplastic  {irkaaao},  I  form). 

Badly  organizable.  447. 
C^cuM  {Ccecus,  bUnd).  The 

commencement  of  the  lai'ge 

intestine.  90. 
Calamus     Scriptorius.  A 

groove  in  the  fom-th  ventricle. 

277. 

Calcium.  Fluoride  of, in  bones. 
40. 

Calorific  Digestion,  84 — food, 
52. 

Calculi.  Concretions  formed 
in  internal  cavities.  232. 

Calyces  of  kidney.  196. 

Calyciform  papillae  of  tongue. 
342. 

Canaliculi.  The  minute  ca- 
nals in  bones.  308. 

Canal  of  Petit.  A  canal  be- 
tween the  layers  of  the  hya- 
loid membrane  as  it  splits  to 
enclose  the  lens.  364. 

Cancer  {KapKivos,  a  crab),  so 
named  because  the  processes 


or  veins  spread  out  like  claws ; 
mahgnant  disease.  473. 

Cannula  (dim.  for  canna,  a 
reed),  a  tubular  surgical  in- 
strument introduced  with  a 
trocar  or  stilette. 

Canthus.  The  angle  of  the 
eye.  3.54. 

Capillaries.  (Capillus,ahair), 
the  most  minute  blood  vessels. 
143. 

Capillary  Attraction.  94. 

Capillary  Force.  146. 

Capsule  of  Glisson.  184. 

Card  I  A.  The  upper  opening  of 
the  stomach.  76. 

Cardiac  Val^'^es.  127. 

Carotid  (/capa,  the  head ;  ous, 
the  ear).  The  artery  which 
supplies  the  head  and  neck. 

Cartilage  {cariilago,  gristle). 
A  peculiar  animal  tissue  con- 
sisting of  a  gelatinous  sub- 
stance called  chondrin  and 
lime  salts.  301. 

Casein  {caseum,  cheese).  A 
proximate  animal  principle 
derived  from  milk ;  one  of  the 
albuminoid  bodies.  47. 

Catalepsy  (/cara,  down ;  \T]\pt^, 
a  seizing).  Loss  of  conscious- 
ness with  fixity  of  the  extre- 
mities. 484. 

Catalysis  {\vw,  I  loosen).  A 
term  apphed  to  certain  che- 
mical phenomena  in  which 
changes  in  the  composition  of 
substances  are  effected  by  the 
presence  of  another  body 
which  remains  unaltered. 

Catarrh  (KaTappecu,  I  flow 
down).  Inflammation  of  the 
raucous  membrane. 

Cathartics.  Medicines  which 
purge.  98. 
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Catheter  (Ka^trjjui,  I  thrust 
into).  A  tubular  instrument 
passed  into  the  bladder. 

Catoptrics  (/caroTrTpof,  a  mir- 
ror). The  phenomena  of  re- 
flected light. 

Catoptric  Test.  A  test  for 
the  soundness  and  transpa- 
rency of  the  crystalline  lens 
by  the  position  of  the  reflected 
images  of  a  candle.  377. 

Caudal  (cauda,a,tsd\).  Relating 
to  a  tail. 

Cauda  EauiNA.  The  termina- 
tion of  medulla  spinalis.  264. 

Caucasian  Race.  33. 

Cell.  A  simple  bag  consisting 
of  cell  wall  and  contents.  13. 

Cellular  Tissue.  More  pro- 
perly areolar  299. 

Cellulose.  A  vegetable  prin- 
ciple resembling  starch.  42. 

Centrifugal  (centrum,  the 
centre ;  fugio,  I  fly) .  Apphed 
to  eff'erent  or  motor  nerves. 
252. 

Centripetal  (peto,  I  seek). 
Seeking  the  centre;  appUedto 
aflferent  or  sensitive  nerves. 
252. 

Centrum  Ovale.  The  large 
white  surface  seen  on  remov- 
ing the  upper  portion  of  the 
cerebral  hemispheres. 

Cerebellum.  277. 

Cerebrum.    The  brain.  282. 

Ceruminous  Glands.  Those 
that  secrete  the  wax  in  the 
external  ear.  381. 

Cervical.  Pertaining  to  the 
neck,  — vertebra;,  number 
of,  27. 

Chemosis  (x«»"»,  I  gape).  A 
turgid  and  raised  state  of  the 
conjunctiva. 


Chiasma.  The  commissure  of 
the  optic  nerves,  so  called 
fi'om  its  resemblance  to  the 
Greek  letter,  x-  371 

Chloride  of  Sodium.  40. 

Chlorine  (xKoipos,  greenish 
yellow).  A  yellowish  ele- 
mentary gas.  38. 

Chlorosis.  A  disease  of  the 
blood  in  young  females,  cha- 
racterised by  a  greenish  color 
of  the  skin.  420. 

Cholagogue  (xoAtj,  bile  ;  wyas 
I  lead).  A  medicine  which 
causes  evacuation  of  bile.  98. 

Choleic  Acid.  An  acid  of  bile. 
188. 

Cholera  (xo^Vi  bile ;  pew,  I 
flow).  Blood  in  cholera.  421. 

Cholesterin  (xoAtj,  bile;  are- 
peos,  solid).  The  fat  of  bile.  44. 

Chondrin.  The  proximate  ani- 
mal principle  of  cartilage.  48. 

Chorion  (xcfpew,  I  contain). 
One  of  the  membranes  of  the 
foetus.  410. 

Choroid  Membrane,  One  of 
the  coats  of  the  eye,  con- 
sisting mainly  of  vessels  and 
pigment.  361. 

Choroid  Plexus.  A  network 
of  vessels  in  the  lateral  cere- 
bral ventricle. 

Chronic  (xpo^os,  time).  Long 
continued — in  diseases,  con- 
trary of  acute. 

Chyle  {xv\os,  juice).  The  fluid 
part  of  the  food  separated  from 
the  chyme  by  the  action  of 
the  bile,  to  be  absorbed  by 
the  lacteals.  100. 

Ciiylification.  The  process 
of  making  chyle.  84. 

Chyme  (xvfios,  juice).  The 
pulpy  mass,  fonned  by  digcs- 
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tion  of  the  food  in  the  sto- 
mach. 84. 

Cicatrisation.  438. 

Cilia.  Small,  hair-like,  mov- 
able bodies,  found  on  some 
kind  of  epithehum.  65. 

Ciliary  body,  364 — ligament, 
364 — process,  364. 

Circulation  of  the  blood,  124 
— discovery  of  the,  125 — 
forces  of,  149. 

Cirrhosis  (Kippos,  tavray).  A 
diseased  state  of  the  Uver, 
caused  by  clironic  inflamma- 
tory action.  426. 

Clavicle  {clavis,  a  key).  The 
collar  bone. 

Clinical  {kAlpt],  a  bed).  Bed- 
side. 

Coagulation  (con,  together ; 
ago,  I  diive).  The  sohdifying 
of  a  fluid,  generally  applied 
to  the  blood  or  t)ther  solutions 
of  albumen  or  fibrin,  118 — 
cause  of,  120. 

Coccyx  {kokkv^,  a  cuckoo).  The 
small  terminal  vertebrae 

Cochlea  (kox^os,  a  shell-fish). 
Part  of  the  internal  ear  coiled 
Uke  a  shell.  386. 

CCELELMINTHIA  (/COtA,OS,  hoUovr; 

e\fxiv9,  a  worm).  Entozoa 
that  have  an  alimentary  tube. 
488. 

Colon.  The  large  intestine.  90. 

Color  of  human  races.  Causes 
of  variety  in.  32. 

Colostrum.  The  first  milk 
after  delivery.  180. 

Columns  Carney.  The  promi- 
nent muscular  bundles  in  the 
ventricles  of  the  heart.  127. 

Columella,  the  most  anterior 
and  inferior  part  of  the  sep- 
tum nasi. 


Commissure  (con,  together; 
mitto,  I  send).  A  suture  or 
seam  of  union — of  the  brain. 
283. 

Complementary  Colours. 
378. 

Condyle  (kovSvXos,  a  knuckle). 
A  rounded  extremity  of  a 
bone. 

Congestion.  442. 

Conglobate  Gfands  (globm, 
a  ball).  The  lymphatic  or 
absorbent  glands.  102. 

Conglomerate  Glands  (con- 
glomero,  I  heap  together). 
Secreting  glands.    7 1 . 

CoNi  Vasculosi.  Part  of  the 
tubular  structure  of  the  testis. 

Conjunctiva.  The  mucous 
membrane,  hning  the  eyeUds 
and  front  of  the  eyeball.  360. 

Connective  Tissue.  The 
areolar  tissue.  299. 

Contractility  (traho,  \  draw). 
The  property  of  contracting 
or  diminishing  in  length.  316. 

Cookery.    Philosophy  of.  56. 

CoPHOSis  (Kutpos,  deaf).  Deaf- 
ness. 485. 

CoRACoiD  (/copal,  a  crow).  A 
process  of  the  scapula,  which 
is  a  separate  bone  in  birds  and 
reptdes.  27. 

CoRDvE  WiLLisii.  Fibrous 
bands  across  the  superior 
longitudinal  sinus. 

CoRD^  VocALES.  The  organs 
of  voice.  324. 

CoRD^  Tendine^e.  The  ten- 
dinous bands  attached  to  the 
cardiac  valves.  127. 

Cornea  (cornu,  a  horn).  The 
transparent  portion  of  the 
front  of  the  eyeball.  360. 

Corpora  Arantii.  128. 
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CoKPUS  Callosum,  284 — ca- 
vernosum,  147 — ^luteum,  408 
• — sti-iatiim,  281. 

CORPUSCULA  TACTUS.  336. 

Corpuscle.  Lymph,  101 — red 
blood,  107— white  blood,  112. 

CoRYZA.  Inflammation  of  the 
mucous  membrane  of  the 
nose  ;  a  cold  in  the  head. 

Coughing.  157. 

Cranium  (Kpaviov,  the  skull). 
The  head.  17. 

CRASSAMENTUM(craSS2<4',thick). 

The  clot  of  blood.  118. 
Creatin  {Kpeas,  flesh).    One  of 
the  constituents  of  the  urine. 
213. 

Creatinin.  a  constituent  of 
the  urine  resembling  creatin. 
213. 

Crepitus  {crepo,  I  crackle). 
The  grating  of  broken  bones  ; 
the  ak-sound  distinctive  of 
pneumonia. 

Cretinism.  A  peculiar  form  of 
idiocy  connected  with  goitre. 

Crusta  Petrosa  or  Cemen- 
TUM.  The  bony  layer  on  the 
fang  of  a  tooth.  68. 

Crystalline  Lens.  366. 

Crystallization  {KpvaraWos, 
ice).  The  assuming  of  regu- 
lar forms  by  unorganized  sub- 
stances. 113. 

Cuneiform  {cuneus,  a  wedge; 
/orw2a,shape).  Wedge-shaped. 

Cupola.  The  upper  part  of  the 
cochlEa.  387. 

Cuticle.  The  external  layer 
of  the  skin.  332. 

Cutis  Anserina  {anser,  a 
goose).  The  rough  state  of 
the  skin  usually  produced  by 
cold.  334. 

Cutis  Vera.  The  true  skin.  335. 
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Cyanosis  (kuoj/os,  blue).  Blue- 
ness  of  the  skin  from  admix- 
tui-e  of  the  venous  with  arte- 
rial blood,  usually  by  congeni- 
tal malformation. 

Cysticercus.  489. 

Cystin.  214. 

Cytoblastema  (kvtos,  a  cell ; 
fiXw(TTava>,  I  bud).  The  pro- 
cess of  cell  growth.  13. 

Dartos  (SepcD,  I  redden).  The 
second  or  subcutaneous  layer 
in  the  scrotum,  consisting  of 
involuntary  muscular  tissue. 

Death  molecular',  416 — soma- 
tic, 416. 

Decidua  {de,  down ;  cado,  I 
fall).  The  membrane  which 
lines  the  gravid  uterus.  409. 

Decussation  of  anterior  pyra- 
mids. 270. 

Deglutition  {deglutio,  I  swal- 
low). The  act  of  swallowing. 
73. 

Defalcation  {de,  down  ;  fat, 
scum,  filth).    The  evacuation 
of  the  ffeces  or  excrementi- 
tious  part  of  the  food.  91. 
Deltoid,  resembUng  the  Greek 

letter  A. 
Demours,  Membrane  of.  The 
posterior  elastic  lamina  of  the 
cornea.  61. 
Dentine  {dens,  a  tooth).  One 
of  the  structures  of  a  tooth, 
the  ivory.  68. 
Dental  Formula.    The  mode 
of  stating  the  number  of  an 
animal's  teeth.  66. 
Dentition.     The  process  of 
growth   or   the    cutting  of 
teeth.  06. 
Dermoskeleton  {hipfxos,  the 
skin;  aK^Kerov,  a  skeleton): 
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The  external  covering  of  in- 
vertebrates. 306. 

Derma,  the  true  skin.  335. 

Dextrine,  a  product  of  the 
roasting  of  starch,  resemhhng 
gum,  and  so  named  from 
showing  right  handed  polari- 
zation. 

Diabetes  Mellitus  (5/a, 
through  ;  fiaivw,  I  go).  An 
immoderate  flow  of  urine  of 
a  saccharine  taste.  219. 

Diabetes  Ureosus.  An  im- 
moderate flow  of  lu-ine,  with 
a  large  amount  of  lU'ea.  210. 

Diagnosis.  The  method  of 
distinguishing  diseases. 

Diaphoresis  (Sta,  through ; 
<popea>,  I  carry).  An  increase 
of  persph'ation.  98. 

Diaphragm  ((ppaacru,  I  fence 
round) .  The  resphatory  mus  - 
cle  which  separates  the  thorax 
from  the  abdomen.  154. 

DiAPHYSis  {(pveu,  I  grow).  The 
shaft  of  a  long  bone.  311. 

DiAPOPHYSis  (5(a,  apart ;  otto, 
from ;  (jjvo),  I  gi"ow).  The 
transverse  process  of  the  typi- 
cal vertebrae.  25. 

DiARRHCEA  (5ia,  through;  ^e«, 
I  flow).  An  excessive  dis- 
charge from  the  bowel. 

DiARTHROSis  (5ia,  through ; 
apQpov,  a  joint).  A  movable 
articulation  305. 

Diastase  (duffTr]iJ.i,  I  separate). 
An  azotized  substance,  found 
in  seeds  when  germinating, 
which  has  the  power  of  chang- 
ing starch  into  sugar. 

Diastole  (o-reAAw,  I  send). 
The  dilatation  of  the  heart 
after  contraction.  127. 

Diastema  (SiaffTij/ta,  an  inter- 


val).   A  ga]j,  as  in  the  line  of 

the  teeth.  23. 
Dietetics  (Siotro,  food).  The 

branch  of  science  which  treats 

of  food  or  diet.  59. 
Digastric  (5(s, double;  yaarrip, 

the  belly).  Having  two  bellies. 

A  muscle  of  the  neck.  346. 
Digestion,  51 — duration,  82 — 

gastric,  78 — intestinal,  84 — 

stages  of,  63. 
Dioptric  Media  (Sta,  thi-ough  ; 

oTTTOjxai,  I  see).    The  traus- 

pai-ent  structures  of  the  eye. 

366. 

Diphtheria.  448. 

DiPLOE  (5(ir\ous,  double).  The 
cancellated  bony  tissue  be- 
tween the  two  tables  in  the 
bones  of  the  skull.  309. 

Discus  Proligerus.  The  gai- 
nular  mass  surrounding  the 
ovary.  405. 

DiSTOMA  (Ais,  twice;  arofj-a, 
mouth).  An  entozoon.  488. 

Diverticulum.  A  short  blind 
tube.  87. 

Domestication.  Eff'ect  of,  in 
changing  the  food  of  animals. 
52. 

Dorsal  L.4.min^.  The  rudi- 
ments of  the  spine  in  foetal 
life.  410. 

Dreams.  287. 

Dropsy  (u5wp,  water;  oi|/i5,  ap- 
pearance). A  collection  of 
serum. 

Duct  Thoracic,  99 — lympha- 
tic right,  100 — anterior  tho- 
racic, 100. 

Ductus  Arteriosus,  413 — 
Venosus,  413. 

Dysentery  (5us,  with  difiicul- 
ty;  furepoy,  bowel). 

Dysuria.  Difficult  micturition. 
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Ear,  External,  380— internal, 
385— middle,  381— blood  in, 
422. 

EccHYMOSis  {Ekxv/iow,  I  pour 
out).  Extravasation  of  blood. 

EcDYSiS  (e'/c,  off;  Suw,  I  put). 
A  moulting  or  casting  off. 

Ectopia  (s/c,  out  of;  tottos,  a 
place).   A  displacement.  96. 

Ectopia  Vesica.  A  deformity 
where  the  anterior  wall  of  the 
abdomen  is  deficient  below, 
and  the  mucous  membrane 
of  bladder  everted,  so  that 
the  m-eters  open  externally. 
96. 

Efferent  [ex,  out ;  fero,  I 
carry).  A  tenn  apphed  to 
motor  nerves,  252 — or  to  the 
veins  of  a  Malpighian  tuft. 
127. 

Eighth  Pair  of  neiTes.  394. 

Elasticity  (eAaui/cc,  I  drive). 
The  property  by  which  a  body, 
having  its  form  changed,  re- 
turns to  its  original  shape 
when  released  from  the  force 
applied  to  it.  15. 

Elasticin.  a  proximate  ani- 
mal principle.  45. 

Elastic  Tissue.  298. 

Electric  Organs  in  animals. 
256. 

Electrolysis  (Xvu,  I  loosen). 
Decomposition  by  an  electric 
current.  254. 

Elements  of  animal  bodies.  38. 

Eliminatives  (e,  out  of;  limen, 
the  threshold).  Medicines 
which  stimulate  glands,  and 
thus  produce  increased  secre- 
tions. 98. 

Embolism.  428. 

Embryo  {in^pvov).  The  rudi- 
mentary form  ofananimal.41 1. 


Emesis  (e/teo),  I  vomit).  The 
act  of  vomiting.  83. 

Emprosthotonos  {efiTrpoixdev, 
before;  reiuo),  I  stretch).  The 
form  of  tetanus,  in  which  the 
body  is  bent  forward.  484. 

Enamel.  68. 

Enarthrosis  {ev,  in;  apOpov, 
a  joint).  A  ball  and  socket 
joint.  305. 

Encephalon  {ev,  in ;  K-t)(pa\ri, 
the  head).  The  nervous  con- 
tents of  the  cranial  canty.  282. 

Enchondroma  (Ev,  into;  x°^- 
Spos,  cartilage).  Cartilaginous 
tumour.  464. 

Endocardium  (eVSov,  within; 
KapSia,  the  heart).  The  mem- 
brane lining  the  interior  of  the 
heart.  126. 

Endolymph  {lympha,  water). 
The  fluid  within  the  membra- 
nous labjTinth.  386. 

Endosmose  {kv^ov,vni\\m;u)Qeu}, 
I  push).  The  process  by  which 
a  fluid,  separatedfrom  another 
by  a  membrane,  mixes  with  it, 
in  a  direction  from  without 
inwards.  95. 

Entozoa  (evTos,  within ;  ^caov, 
an  animal).  Animals  infesting 
the  interior  of  another.  488. 

Entropium  (rpenw,  I  turn).  A 
turning  of  the  eyehd,  usually 
the  upper. 

Epicanthus  {epi,  on;  icavBus, 
the  corner  of  the  eye).  A  se- 
milunar fold  of  skin  between 
the  eye  and  nose.  34. 

Epidemic  (Em,  upon;  S-q/^os  a 
people).  Applied  to  that  class 
of  zymotic  diseases,  which 
attack  many  persons  at  once 
and  in  the  same  place.  432. 

Epidermis  or  Cuticle.  332. 
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Epididymis  (cirt,  on;  diSvuos, 
the  testis).  The  commence- 
ment of  the  vas  deferens,  form- 
ing a  convoluted  tube  on  the 
back  of  the  testis. 

Epiglottis  {yXoTra,  the  ton- 
gue). The  cartilage  guarding 
the  opening  of  the  glottis. 
324. 

Epilepsy  (eiri,  on;  \ri\pis,  a  sei- 
zure). Loss  of  sensation  and 
voluntary  motion,  with  clonic 
spasms  recurring  at  irregular 
intervals.  484. 

Epkncephalon,  one  of  the  cra- 
nial vertebrae.  25. 

Epiphysis  (en,  upon ;  (pvuj,  I 
grow).  The  extremities  of  a 
long  bone.    31 1. 

Epithelium  (ctti, upon;  tlOjihi, 
1  place).  The  fine  superficial 
cellular  layer  of  membranes. 
64. 

Epulis  (ein,  upon;  ov\a,  the 
gum).  Fibroid  tumour  of  the 
gums.  470. 

Eremacausis  (rip^na,  slowly; 
/caicD,  I  burn).  Slow  combus- 
tion; or  combination  of  de- 
composing bodies  with  oxygen. 

Erectile  Tissue.  147. 

Erectores  Pilorum.  332. 

Erysipelas  {eftvw,  I  draw ; 
TreAay,  near).  A  spreading 
inflammation  of  the  skin. 

Essential  Elements.  38. 

Ethmoid  {t)Bvos,  a  sieve).  One 
of  the  bones  of  the  skull.  27. 

Ethiopian  Race.  34. 

Ethnology  {k8vos,  a  nation ; 
A070S  discourse).  The  sci- 
ence which  treats  of  the  varie- 
ties of  man.  28. 

Ethnological  Dynamics.  28. 

Etiology  (atrto,  cause;  Koyos, 


discourse).  The  doctrine  of 
the  causes  of  diseases. 

Eustachian  Tube.  The  canal 
connecting  the  cavity  of  the 
tympanum  to  the  mouth,  dis- 
covered by  Euslachiun.  383- 

Eustachian  Valve.  A  fold 
of  membrane  at  the  mouth  of 
the  inferior  cava,  in  the  right 
auricle.  129. 

Exanthemata.  The  eruptive 
fevers. 

ExciTo-MoTOR  action.  Motion 
produced  by  an  impression  on 
the  extremity  of  a  sentient 
nerve,  conveyed  to  the  spinal 
cord,  and  from  thence  to  the 
muscles  along  the  motor  nerve, 
without  the  intervention  of 
sensation.  267. 

ExciTo  -  Secretory  action, 
179. 

Excrement  (ck,  from ;  cemo, 
I  separate).  Faecal  matter, 
the  undigested  parts  of  the 
food  wliich  are  expelled.  92. 

Exosmose  {ex,  from ;  wdew,  I 
di'ive).  The  passage  of  one 
fluid  to  another,  through  a 
membrane,  from  within  out- 
wards. 95. 

Exostosis  (e|,  without ;  offreov, 
a  bone).  A  bony  groAvth.  465. 

Expiration  {spiro,  I  breathe). 
156. 

Facial  Nerve.  393. 

Facial  Angle.  Of  man,  17 — 
of  gorilla,  18. 

F.ECES  {feex,  dregs).  Excre- 
meutitious  matter.  92. 

Fallopian  Tubes.  Tubes  ly- 
ing in  the  folds  of  the  broad 
ligaments  of  the  uterus,  for 
the  transmission  of  the  ovum 
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from  the  ovary  to  the  uterus. 
406. 

Falsetto.  327. 

Fascia  {fascis,  a  bundle).  A 
tendinous  expansion  over  the 
muscles  of  a  limb.  317. 

Fats,  43 — as  food,  53. 

Fellinic  Acid  {fel,  bile).  One 
of  the  acids  of  the  bile.  188. 

Femur.  The  thigh  bone.  311. 

Fenestra  Ovalis.  An  oval 
opening  between  the  tympa- 
num and  vestibule.  382. 

Fenestra  Rotunda.  An  open- 
ing between  the  tympanum 
and  cochlea.  382. 

Fermentation  {ferveo,  I  boil). 
A  peculiar  chemical  action  in 
organic  bodies,  in  which  their 
elements  become  re-arranged 
by  the  agency  of  a  catalytic 
called  a  ferment. 

Fibre.  Muscular,  313 — nerve, 
249. 

FiBRiLLA.    Muscular.  313. 

Fibrillation.  The  sohdifica- 
tion  of  fibrin.  113. 

Fibrin.  A  proximate  animal 
principle  ;  one  of  the  albumi- 
noid series.  47. 

Fibro-cartilage.  An  animal 
tissue,  composed  of  fibrous 
tissue  and  cartilage.  301. 

Fibrous  Tissue.   White.  298. 

FiBRosERous  Membrane.  304. 

Fifth  Pair  of  Nerves.  345. 

Filiform  {filum,  a  thread). 
Papillae  of  tongue.  342. 

Filum  Terminals.  The  thread 
of  pia  mater  at  the  termina- 
tion of  the  spinal  marrow. 
259. 

Fimbriae  of  Fallopian  Tube. 
The  fringed  border  which 
grasps  the  ovary.  406. 


Flocculus  {floccus,  wool).  One 
of  the  lobes  of  the  cerebel- 
lum. 

Fluoride  of  calcium.  40. 

Foetus.  The  embrj'o  or  un- 
born animal.  411. 

Follicle  {follis,  a  sac).  A  small 
sac ;  gastric  —  described  by 
Lieburkuhn.  77. 

Fontanelle  {fons,  a  fountain). 
An  opening  or  space  between 
the  bones  of  the  skull  of  an 
infant. 

Food.  Classification  of,  52 — 
quantity,  51 — plastic,  54 — re- 
spiratory, 52. 

Forces  of  Circulation,  149 — 
nervous,  252 — of  ventricles, 
134— vital,  12. 

Foramen  Centrale  of  Soem- 
mering. An  appearance  on 
the  retina  of  man  and  the 
quadrumana.  370. 

Fornix.  An  arch  across  the 
centre  of  the  brain.  284. 

Fourth  Ventricle.  284. 

Fourchette  Bone.  The  con- 
joined clavicle  of  birds. 

Fremissement  Cataire.  Pur- 
ring tremor,  produced  by  simi- 
lar cause  to  the  bellows  mur- 
mur. 

Function  {fungor,  I  perform). 

The  use  of  a  part. 
Funis  Umbilicalis.    The  um- 

bihcal  cord,  which  conveys 

the  vessels  from  the  mother 

to  the  foetus.  411. 
Fusiform  {fusis,  a  spindle). 

Papillae  of  tongue.  342. 
Gall  Bladder.  187. 
Ganglion  (7a77A.io»',  a  knot). 

An  enlargement  on  a  nerve, 

containing  vesicular  neurine. 

250. 
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Ganglionic  System  Thesym- 
pathetic  nervous  system.  289. 

Gangrene  {ypaw,  I  consume). 
Mortification.  451. 

Gases.    Intestinal.  90. 

Gastric  Juice,  79 — action  of 
on  food,  80 — glands,  77 — di- 
gestion, 81. 

Gastro-Pulmonary  Mucous 
Tract.  64. 

Gelatin  {gelo,  I  freeze).  A 
proximate  animal  principle. 
48. 

Gemmation  {gemma,  a  bud, 
budding).  A  process  of  ceU 
development.  399. 

Genito-Urinary.  Mucous 
Tract.  64. 

Generation.  398. 

Geniculate  Bodies.  Two 
tubercles  on  the  optic  thala- 
mus. 280. 

Genus.  An  assemblage  of  spe- 
cies, possessing  several  com- 
mon characters. 

Germinal  Spot.  The  opaque 
spot  of  the  ovum,  afterwards 
developed  into  the  embrj'o. 
406. 

Germinal  Vesicle.  A  small 
cell  inside  the  yolk  of  the 
ovum.  406. 

Gestation.  414. 

GiNGLYMUs  {yiyfXvfios,  a 
hinge).    A  hinge  joint,  305. 

Glabella.  A  smooth  portion 
of  the  frontal  bone,  bet-ween 
the  frontal  eminences.  34. 

Glands.  178. 

Gland  Cells,  89 — acini  or 
coecaof,  77 — agminated,  99 — 
lymphatic,102 — Brunner's,88 
— Peyerean,  89 — Haversian, 
300. 

Globulin.  48. 


Glosso-Pharyngeal  Nerve. 
Part  of  the  eighth  pair  of 
cerebral  ner\-es.  348. 

Glottis.  323. 

Gluten.  A  vegetal  albuminoid. 
48. 

Glycerine.  The  base  of  oUs.  43. 

Glycogenic  Bodies.  Those 
out  of  which  sugars  are  form- 
ed. 42. 

Glycose  (yXvKvs,  sweet).  Grape 
sugar.  42. 

Goitre.  A  tumour  of  the  thy- 
roid body.  243. 

GoMPHosis  (yo/jKpos,  a  nail). 
A  form  of  joint,  where  one 
bone  is  pegged  into  another, 
as  the  teeth  in  the  jaw.  305. 

Gonorrhcea  [^rovT],  semen; 
pea),  I  flow).  Usually  apphed 
to  a  discharge  of  specific  pus 
from  the  urethra. 

Gout  (gutta,  a  drop).  A  blood 
disease.  211. 

Graafian  Vesicles.  Small 
bodies  in  the  ovaries.  405. 

Grey  Neurine.  248, 

GuBERNACuLUM  Testis.  The 
cord  which  facihtates  and 
guides  the  descent  of  the 
testis,  in  the  foetus. 

Gustatory.  Relating  to  taste. 
— Nerve  ;  the  part  of  the  fifth 
pan-  of  cerebral  nerv-es,  which 
presides  over  taste.  346. 

HAEMATICS  {kifxa.,  blood).  Me- 
dicines which  act  on  the 
blood.  98. 

H^M  adromometer  (dpOflOS, 
speed;  ixerpov,  a  measure). 
An  instrument  for  measuring 
the  rapidity  of  the  ch'culation 
of  the  blood.  136. 

H^madynamometkr  (Swo/ilJ, 
force ;  fxirpov,  measure).  An 
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instrument  for  measuriug  the 
force  of  the  hlood.  135. 

H^MAL  Arch.  That  portion 
of  the  vertebra  which  protects 
the  vessels.  24. 

H^MAL  Spine.  One  of  the 
processes  of  the  typical  verte- 
bra. 25. 

H.^MAPOPHYSis  (airo,  from ; 
(pva,  I  grow).  Two  lateral 
processes  forming  the  hasmal 
arch  of  the  tj'pical  vertebra. 
25. 

H^MATEMESis.  Vomiting  of 
bloofl. 

H^MATiN.  The  colouring  mat- 
ter of  the  blood.  49. 

HEMOPTYSIS.  Spitting  of  blood. 

Hemorrhage  (p7)yvviJ.i,  I  burst 
forth).  An  escape  of  blood 
from  its  vessels. 

Hair.  334. 

Hallucination  {halhicinor,  I 
blunder).  An  error  of  the 
senses,  or  the  intellect. 

Hamulus.  The  hook  in  which 
the  spiral  lamina  of  the  in- 
ternal ear  terminates.  387. 

Hand,  human,  pecuharities  of, 
19. 

Haversian  Canals.  Longi- 
tudinal vessels  in  bone  de- 
scribed by  Havers.  308. 

Heart,  126 — muscular  fibres 
of,  120 — actions,  127 — force 
of,  134 — impulse,  133 — de- 
velopment of,  138 — sounds, 
130. 

Hearts,  Lymph.  102, 

Heat,  Animal.  1G8. 

Helicine  Arteries.  Tortuous 
vessels  in  erectile  tissue,  de- 
scribed by  Muller.  404. 

Helicotrema,  (eXil,  a  spiral  or 
snail;  TOTjyiia,  a  hole).  The 


opening  between  the  scala 
tympaui  and  scala  vestibuU  in 
the  cochlea.  387. 

Helix.  The  cun'ed  border  of 
the  external  ear.  380. 

Helminthology  (EA/iis,  a 
worm;  \oyos,  discourse).  De- 
scription of  worms,  especially 
those  that  are  parasitic.  487. 

Hemiplegia  (rifiiavs,  half;  ttAtj- 
<row,  I  strike).  Loss  of  power 
in  one  lateral  half  of  the 
body.  484 

Hemispheres,  Cerebral.  The 
seat  of  the  intellectual  pow- 
ers. 282. 

Hepatic  (-^Trap,  the  liver)-  Be- 
longing to  the  liver.  183. 

Hepatic,  Veins,  184  —  Duct, 
185— Cells,  186. 

Hepatose.  a  form  of  sugar 
found  in  the  Uver.  42. 

Herbivora  (herba,  a  herb ; 
voro,  I  devom-).  Vegetable 
feeders. — Urine  of,  210 — heat 
of,  172. 

Hermaphrodite  ('EpyUTjs,  Mer- 
cury ;  A<ppoSnri,  Venus).  An 
individual  of  doubtful  gender. 
399. 

Hernia   {'Epvos,   a  branch). 

The  protrusion  of  an  internal 

viscus. 
Hiccup.  157. 

Hilus  (the  back  of  a  bean). 
Applied  to  that  part  of  an 
organ  where  the  vessels  enter 

Hippocampus  {imroi,  a  horse). 
An  eminence  on  the  floor  of 
the  lateral  cerebral  ventricle. 
284. 

IIippuRic  Acid  {linroi,  ahorse). 

An  acid  found  in  the  mine  of 

horses.  212. 
Histogknetic  ((Vtoj,  a  tissue, 


552 


GLOSSARIAL  INDEX. 


yevvaw,  I  produce).  Forming 
tissues  52. 

Histology.  The  science  of 
microscopic  anatomy,  the  de- 
scription of  the  intimate  struc- 
tures of  tissues. 

HoMiNiD^  (Aowio,  a  man).  The 
order  to  which  man  belongs 
according  to  Linncms.  17. 

Homology  (o^os,  the  same ; 
Koyos,  a  law).  Structural 
identity.  23. 

Horny  tissue,  structures  of. 
333. 

Hour  glass.     Contraction  of 

the  stomach.  76. 
Humerus.    The  bone  of  the 

upper  arm. 
Humours.  The  contents  of  the 

eye.  366. 

HuNGKR.  61. 

Hyaloid  (uaAoy,  glass).  The 
membrane  enveloping  the  vi- 
treous humour.  368. 

Hybernation  {hyberna,  win- 
ter). The  act  of  passing  the 
winter  in  a  torpid  condition. 
169. 

Hydatid.  490. 

Hydrocephalus  (v^cap,  water ; 
Ke(pa\7],  the  head).  A  disease 
consisting  of  water  within  the 
arachnoid  sac. 

Hydrogen  (yewao),  I  produce). 
An  elementary  gas.  38. 

Hyperemia  {virep,  beyond ;  ai- 
fjLa,  blood).  Plethora ;  an  ex- 
cess of  blood.  419. 

Hypertrophy  {Tpetpoo,  I  nou- 
rish). Excessive  growth  of  a 
part.  436. 

Hyperinosis  {is,  fibrin).  Ex- 
cessive quantity  of  fibrin  in  the 
blood.  423. 


IcTHYosis  (Ix0fs,  a  fish).  A 

scaly  sltin  disease 
Icterus  (r/crepoj,  a  yellow  bird; 

or  iKTis  a  weasel,  the  eyes  of 

which  are  yellow).  Jaundice. 

426. 

Idiopathic  (iStos,  peculiar ; 
naOos,  an  affection).  Arising 
spontaneous. 

Idiosyncrasy  (iStos,  pecuhar; 
aw,  with;  Kpaais,  tempera- 
ment.) Individual  peculiarity 
of  constitution. 

Ileoccecal  Valves.  The  folds 
of  mucous  membrane  which 
guard  the  opening  of  the  Ueum 
into  the  ccecum. 

Ileum  (EiXeoo,  1  coil).  The 
lower  part  of  the  small  intes- 
tine. 87. 

Ileus.  An  intestinal  disease  in 
which  the  cavity  of  the  bowel 
is  obstructed. 

Ilium.  The  bone  forming  the 
lateral  part  of  the  peMs. 

Impulse  of  heart.  133. 

Incisors  (m,  into;  ccedo,  I  cut). 
The  name  given  to  the  four 
front  teeth  in  each  jaw.  66. 

Incus.  The  second  bone  of  the 
ear,  so  called  from  its  resem- 
blance to  an  anvil.  384. 

Indican.  50. 

Inflammation.  A  morbid 
condition  characterised  by  red- 
ness, swelhng,  heat,  pain,  and 
disturbance  of  function. 

Inflammatory^  Blood.  122. 

Infundibulum.  a  funnel;  the 
name  given  to  part  of  the 
kidney.  196. 

Inorganic  constituents  of  ani- 
mal bodies.  38. 

Inosite.  a  peculifir  sugar  found 
in  muscle,  spleen,  &c.  42. 
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Insalivation.  The  act  of  mix- 
ing with  saliva.  71. 

Insolation  {insolo,  I  di-y  in 
the  sun).  Exposure  to  the 
sun. 

Inspiration.  154. — Muscles  of, 
155. 

Intellect.  282. 
Inter-artictjlar  Cartilages 
301. 

Intermittent.  Applied  to  dis- 
eases which  disappear  for  a 
while  and  return,  as  ague. 

Intercellular  Passages.  The 
minutest  ramification  of  the 
bronchial  tubes.  153. 

Interstitial  Absorption. 
Absorption  of  the  particles 
occupying  interstices.  435. 

Intestines.  87. 

Intestinal  Gases,  90. — Juice, 
90 —Follicles.  87. 

Intonation.  327. 

Intussusception  {intus,  with- 
in ;  suspicio,  I  receive).  A 
disease  in  which  one  part  of 
an  intestine  is  pushed  Avithin 
another.  Invagination. 

Invertebrata.  Animals  with- 
out a  vertebral  column. 

Iridectomy.  The  operation  of 
cutting  out  part  of  the  iris. 

Iris  {ipis,  a  rainbow).  The 
curtain  or  diapliragm  which 
smTounds  the  pupil.  364. 

Iron.  41. 
I   Irritability.  The  property  of 
acting  when  excited;  contrac- 
tility. 316. 

Ischuria  (Ioxw,  I  restrain ; 
ovpov,  urine).  Suppression  of 
urine. 

Isomerism.  The  state  of  bodies 
w^hich  possess  the  same  ele- 
ments in  the  same  quantities, 


but  in  distinct  modes  of  ag- 
gregation and  having  distinct 
properties. 
Ivory.  68. 

Jacob's  Membrane.  The  ex- 
ternal layer  of  the  retina.  369. 

Jaw.    Motions  of.  70. 

Jejunum  {jejunus,  empty.) 
Part  of  the  small  intestines. 
87. 

Jugular.  Belonging  to  the 
throat. 

Kel^nonesian  ((c6AatJ'oy,black 
v-qaos,  an  island).  A  name 
given  to  a  subdivision  of  the 
Malay  or  Oceanic  variety  of 
man. 

Keratin.  49. 

Kreatin,  213. 

Kidney,  194 — structure  of, 
196  — microscopic  anatomy, 
197. 

KlESTIN.  213. 

Labyrinth  (AajSupiveos,  amaze). 

The  internal  ear.  385. 
Labyrinth  Membranous. 

386 

LachrymalGland.  The  gland 

which  secretes  the  tears.  354. 
Lacteals   {lac,    milk).  The 

vessels  which  take  up  the 

chyle.  99. 
Lactic  Acid.    In  gastric  juice. 

80. 

Lactiferous  Vessels.  180. 
Lactose.    Sugar  of  milk.  42. 
Lacuna  {lacus,  a  lake).  Small 

cavities  in  bones.  308. 
Lagophthalmus  (Aa7os,hare). 

IncapabiUty  of  closing  the 

eyelids.  358 
Lamina  Cornea.  A  small  pro- 
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minence  on  the  floor  of  the 
lateral  cerebral  ventricle. 

Lamina  Spiral  is.  The  bony 
plate  which  separates  the  two 
scalse  in  the  cochlea.  36. 

Large  Intestines.  90. 

Larynx  (Xapvy^,  the  windpipe). 
The  upper  portion  of  the  air 
passages  containing  the  organ 
of  voice.  323. 

Lateral  Tract.  A  portion  of 
the  spinal  cord.  264. 

Leaping.  322. 

Lens  Crystalline.  366. 

Lenticular  Ganglion.  The 
nervous  mass  which  supphes 
the  iris  357. 

Legumin.  a  proximate  or- 
ganic principle.  48. 

Lepidosiren.  An  animal  in- 
termediate between  the  rep- 
tiles and  fishes. 

LEucoCYTHfl:MiA)Aeii/cos,which; 
KVTos.  a  cell;  atfxa,  blood).  A 
disease  in  which  the  Avhite 
corpuscles  are  in  excess.  422. 

Lkucous.  White-hau'ed  or  al- 
bino. 32. 

Lieberkuhn.  Gastric  follicles 
of,  77. 

Life.  12. 

Ligaments  (Li(/o,  Ihind).  298, 

Light.  373. 

Limbs.    Nature  of,  26. 

Lime.  Phosphate  of,  39 — car- 
bonate of,  39. 

Lingual,  or  ninth  nerve.  348. 

Lingualis  Muscle.  342. 

LiPYL  (Ajtos,  fat).  The  base  of 
glycerin.  43. 

Lipoids  {Ana,  fat ;  etSos,  like). 
Non-saponifiable  fats.  44. 

Lipoma.  A  fatty  tumour.  462. 

LiauoR  Amnii.  The  fluid  in 
which  the  foetus  floats.  411 


LiauoR  CoTDNNiT.  The  peri- 
lymph, or  fluid  outside  the 
meml  ranous  labyrinth.  386. 

LiauoR  ScARP^E.  The  endo- 
lymph  or  fluid  within  the 
membranous  labyrinth.  386. 

LiauoR  Sanguinis.  The  fluid 
in  which  the  corpuscles  float. 
118. 

LiTHic  AciD  {\idos,  a  stone). 

Uric  acid.  210. 
Lithotomy  {rf/xvu,  I  cut).  The 

operation  for  the  removal  of 

a  stone  from  the  bladder  by 

cutting. 

Lithotrity.  The  operation  of 
breaking  a  stone  in  the  blad- 
der. 

Liver.  Minute  anatomy  of. 
184. 

Lobules.    Of  cerebellum,  277 

— of  lung.  152. 
Locus  Niger.    The  black  spot 

in  the  crus  cerebri.  248. 
Lumbar  {Lumhus,  the  loins). 

Relating  to  the  loins. 
Lungs.  152. 

Lunula  (iMwa,  the  moon).  The 
white  mark  at  the  foot  of  the 
nail.  333. 

Lymph  {LympJia,  water).  The 
transparent  fluid  in  the  absor- 
bent vessels,  104 — inflamma- 
tory, 446. 

Lymphatic  vessels,  101 ;  glands, 
102. 

Lyra.  A  peculiar  marking  in 
brain  where  the  fornix  and 
corpus  callosum  come  in  con- 
tact. 

Macula  Cribrosa.  The  per- 
forated plate  for  the  trans- 
mission of  portio  mollis.  387- 

Magnesia.  Phosphate  of.  215. 
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Malays.  36. 

Malleus.  One  of  the  bones  of 
the  ear,  named  from  its  re- 
semblance to  a  hammer.  384. 

Malleolus  {malleus,  a  ham- 
mer). The  prominence  at 
either  side  of  the  ankle. 

Malpighian  Tufts,  202 — 
pyramids,  196. 

M/^MMALiA  {mamma,  a  breast). 
The  name  applied  to  the  class 
of  animals  which  suckle  their 
young. 

Mammary.  Tract  of  mucous 
membrane.  179. 

Man,  17 — antiquity  of,  29 — 
characteristics  of,  17 — classi- 
fication of,  by  hair,  32 — clas- 
sification of,  by  skull,  32 — 
duration  of  life  of,  22 — fossil, 
29 — chemistry  of,  38 — erect 
position  of,  17 — number  of 
inchviduals,28 — osseous  pecu- 
liarities of,  18 — unity  of  spe- 
cies, 30 — varieties  of,  33 — 
weight,  22 — zoological  posi- 
tion, 17. 

Manatus.  Cervical  vertebrae 
of.  27. 

Manganese.  41. 

Manubrium  {manus,  the  hand). 
The  upper  portion  of  the 
sternum.  27. 

Margarin.  44. 

Mastication  (juosTos.the  jaws). 
The  act  of  chewing.  70. 

Maxilla.    The  jaw  bone.  27. 

Meatus  {meo,  I  pass).  A  pas- 
sage. 

Meatus  auditorius  exter- 
Nus,  381 — intevnus,  387. 

Meconium  {n7}Kwviov,ih(i  poppy 
juice).  Tbe  first  evacuation 
of  the  infant's  bowel  consist- 
ing of  bile. 


Mediastinum  {medius,  the 
middle).  The  partition  formed 
in  the  chest  by  the  meeting 
of  the  two  pleurae. 

Medicines.  Laws  of  action  of. 
96. 

Medulla  Oblongata,  274 — 
spinalis,  264. 

Meibomian  Glands.  Those 
bordering  the  eyelid,  de- 
scribed by  Meibomius.  353. 

Melanin  (lUeAas,  black).  Black 
pigment  matter.  49. 

Melanosis.  A  black  malig- 
nant tumour.  479. 

Melanocomus  {coma,  hair), 
black-haired.  32. 

Membrane.  Basement,  64 — 
mucous,  64 — Jacob's,  of  the 
retina,  369 — pupillaiy,  366 — 
tympanic,  381 — serous,  303 
— vitelline,  the  capsule  of  the 
yolk,  406. 

Menstruation  {mensis,  a 
month),  407. 

Mesocephale  (jueo-os,  the  mid- 
dle; /cec^aAe,  the  head).  The 
pons  varolii.  279. 

Mesenteric  Glands.  100. 

Mesencephalon.  One  of  the 
cranial  vertebrag.  25. 

Mesmerism.  288. 

Metamorphosis  (juera, change; 
IJ.op(pri,  form).  A  change  in 
shape.  399. 

Metria  {ixT]Tpa,  the  womb). 
Puerperal  fever. 

Mezzo  Soprano.  A  variety  of 
female  voice  between  soprano 
and  alto.  328. 

Milk.    180.  • 

Mind.  282. 

Mitral  Valve.  That  guarding 
the  left  auriculo-ventricular 
opening.  128. 
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MrxED  Food,  necessity  for.  57. 
Modiolus.    The  axis  of  the 

cochlea.  386. 
Molar  Teeth.  66. 
Molecule  {moles,  a  mass).  An 

atom  or  small  particle. 
Molecular.  Death,  416— base 

of  chyle,  101. 
MoLLuscA   (mollis,  soft).  A 

class  of  invertebrate  animals 

with  soft  bodies. 
Monad    {fj.uvos,  alone).  The 

smallest   animalcule  visible, 

and  consisting  of  a  sunple 

ceU. 

Mongolian  Varietyof Man.  34. 

Monotremata  {fxovos,  one ; 
Tprtfia,  a  opening).  The  class 
of  mammals  with  a  cloaca  or 
single  vent.  399. 

Motion.  Muscular,  296 — cili- 
ary, 65. 

Motor  Nerves.    Those  that 

preside  over  motion.  271. 
Mouth.  64. 
Mucous  Membrane.  64. 
Mucin.  49. 
Mucus.  49. 

Muscles.  Actions,  316 — or- 
ganic, 312 — animal,  313 — 
nervous  supply,  314. 

Muscular  Fibres,  314.  Bruit, 
317 — coat  of  intestines,  87 — 
coat  of  stomach,  76 — fibres  of 
heart,  126 — uTitality,  316 — 
properties,  316 — sense,  340 — 
tissue,  312 — tonicity,  316. 

Mydriasis  {fivdaw,  I  moisten). 
Over  dilatation  of  the  pupil. 
357. 

Myelitis  (fiveKos,  marrow). 
Inflammation  of  spinal  cord. 

Myolemma.  The  sheath  en- 
closing the  ultimate  fibrils  of 
muscle.  313. 


Myopia  (/tuw,  I  shut ;  u)\p,  the 

eye).    Short-sight.  376. 
Myosis.     Over-contraction  of 

the  pupQ.  293. 
Myotomy  (hvs,  a  muscle  ;  re/u- 

vcu,  I  cut).    The  division  of  a 

muscle. 

Nabothi  GLANDUL.gj.  Glands 

at  the  cervix  uteri.  406. 
Nails.  331. 

Narcotics  (vapKoo),  I  make  tor- 
pid). Medicines  producing 
sleep.  98. 

Nasal  nerve.  346. 

Nates.  Two  tubercles  on  the 
upper  sm-face  of  the  mesoce- 
phale.  279. 

Neanderthal  Skull.  30. 

Necrosis  {veKpow,  I  kill). — 
Death  of  bone.  451. 

Nephria  {veippos,  kidney). 
Bright's  disease.  225. 

Nerve.  Cerebro-spinal,  271 — 
corpuscles,  248 — fibres,  249 
— sympathetic,  272 — motor 
sensitive,  272 — development 
of,  251. 

Nervous  Centres,  264 — force, 

252 ;  system,  247. 
Neuralgia  (vevpov,  a  nerve ; 

a\yos,   pain).     Pain  in  a 

nerve.  485. 
Neural  Arch.    Part  of  the 

typical  vertebra  enclosing  the 

nervous  system.  24. 
Neural  Spine.    The  spinous 

process  of  a  vertebra.  25. 
Neurapophysis.    The  lateral 

parts  of  the  neural  arch.  25. 
Neurine.     The  nervous  sub- 
stance. 247. 
Neuuilemma  (Kififia,  a  sheath). 

Sheath  of  a  nene  fibre.  249. 
Neuro-skeleton.    The  bones 
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•which  protect  the  nervous 

centres.  306. 
Neurotics.  98. 
Nitrogen    {vnpov,  saltpetre ; 

•yevvaw,  I  produce).    An  ele- 
mentary gas.  38. 
Nitrogenous.  Principles,  45 — 

Food.  54. 
Noma  {^efxta,  I  eat  away).  A 

form  of  gangrene. 
Non-nitrogenous  principles — 

52. 

Nose.  349. 

NosoLOGY(j/o(roy, disease;  Xoyos, 
discourse).  AiTangement  of 
diseases. 

Nucleus.  A  spot  in  the  inte- 
rior of  a  cell.  14. 

Nutrition.  244. 

Nutrition  Abnormal.  435. 

Occiput  {ob,  opposite ;  caput, 
the  head).  The  back  of  the 
head. 

Ocular  Spectra.  378. 
Odoriferous  Glands.  Those 
behind  thecoronaglandis,337. 
Odours.  351. 

ffiDEMA  (oi5ea»,  I  swell).  Swell- 
ing produced  by  serous  effu- 
sion. 

(Esophagus  {olw,  I  carry;  tpayw, 
I  eat).  The  tube  which  con- 
veys the  food  to  the  stomach. 
75. 

Oleaginous  Food.  53. 
Olecranon  (coAecrj,  the  elbow ; 

Kpavov,  head).    A  process  of 

the  ulna. 
Olkin.  44. 

Olfactory  (olfacio,  I  smell). 

Relating  to  smell.  Ohactory 

nerve.  349. 
Olivary  Body.    Part  of  the 

medulla  oblongata.  279. 


Omentum  (the  caul).  A  fold  of 
peritoneum. 

Omphalo  Mesenteric  Ves- 
sels. 411. 

Onyx  (oj/u|,  the  nail).  Collec- 
tion of  pus  in  the  layers  of 
the  cornea. 

Ophthalmic  Ganglion.  The 
ganglion  that  suppUes  the 
u-is.  357. 

Ophthalmoscope  {ocpOaAfios, 
the  eye;  o-KOTreoi,  I  see).  A  re- 
flecting itistrumentfor  examin- 
ing the  interior  of  the  eye-ball. 

Optic  Nerve.  371. 

Optic  Thalami.  Twoprominent 
masses  seen  in  the  lateral  ven- 
tricles of  the  brain.  280. 

Orbit  {orbis,  a  wheel).  The 
bony  cavity  which  contains  the 
eye-ball.  353. 

Organic  Constituents.  42. 

Orthognathous.  a  term  ap- 
plied to  a  skull,  when  the  face 
lies  vertically  below  the  cra- 
nium. 33. 

Osmazome.  An  organic  princi- 
ple found  in  muscle  and  in  the 
brain.  284. 

Osmosis  (uQeu,  I  impel).  The 
process  by  which  fluids  pass 
through  membranes.  94. 

OssicuLA  AuDiTus.  The  bones 
of  the  ear.  384. 

Osteo  Aneurism.  467. 

Osteology  {ucrreop,  a  bone; 
Xoyos,  a  discourse).  A  de- 
scription of  bones. 

Otoconia  (ous,  the  ear ;  Kovia, 
dust).  The  fine  powder  in  the 
membranous  labyrinth  of  the 
internal  ear.  386. 

Otoliths.  Masses  of  crystal- 
lized carbonate  of  lime  in  the 
membranous  laljyiinth.  386. 
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Ovaries.  405. 
Oviparous.    Producing  eggs. 
399. 

OvovipiPARous.  Producing 
eggs  which  are  hatched  with- 
in the  body  of  the  female.  399. 

Ovum.  The  sac  or  egg  contain- 
ing the  embryo.  406. 

Oviduct  (ovum,  an  egg;  duco, 
I  lead).  The  FaUopian  tube. 
406. 

OXALURIA.  229. 

Oxygen  (o^vs,  sour;  yewacD, 

I  produce).    An  elementary 

gas.  38. 
Ozone  (o^t],  a  stench).  An  allo- 

ti'opic  form  or  modification  of 

oxygen.  171. 

Pabulum.    Food.  51. 
Pacchionian  Glands.  Small 

vascular  thickenings  of  the 

dura  mater.  244. 
Pacinian  Corpuscles.  Small 

laminated  oval  bodies  attached 

to  the  nerves  of  the  fingers 

and  toes.  336. 
Palate.  74. 

Palpebra.    An  eyelid.  353. 

Pancreas  {iray,  all ;  Kpeas, 
flesh).  84. 

Pancreatic  Fluid.  86. 

Pancreatin  or  Phymatin.  86. 

Panniculus  Carnosus.  The 
muscularsubcutaneous  expan- 
sion of  lower  animals. 

Papilla.  A  conical  eminence. 
335. 

Papillary  Muscles.  The 
projecting  bands  of  musculai- 
fibres  in  the  heart.  127. 

Paracentesis  (wapa,  beyond; 
Kevreu,  I  pierce).  The  ope- 
ration of  tapping,  to  withdraw 
fluid. 


Parallel  between  ear  and  e\'e. 
390. 

Paralysis    (\vu,   I  loosen). 

Loss  of  motion  or  sensation, 

or  both,  in  any  part  of  the 

body.  270. 
Paraplegia.    Paralysis  of  the 

lower  half  of  the  body.  484. 
Parapophysis.  The  transverse 

process  of  a  typical  vertebra. 

25. 

Parasites.  486. 
Parenchyma  (TTapei/Xeo),  I  pour 

in).   The  areolar  tissue  of  or- 
gans. 299. 
Parotid   (ira^a,  beyond;  ovs, 

the  ear).  The  largest  salivary 

gland,  Ijang  behind  the  ramus 

of  the  lower  jaw.  71. 
Parthenogenesis  (jrap6-t]vov, 

a  virgin;  ysvvaiai,  I  beget). 

The  production  of  successive 

procreating  individuals  from 

one  ovum.  400. 
Pathognomonic.  Peculiarly 

symptom  tic. 
Pathology    (tto^oj,  an  afl^ec- 

tion ;   Koyos,    a  discom-se). 

The  science  which  treats  of 

the  nature  and  constitution  of 

disease.  419. 
Par  Vagum  {vago,  I  wander). 

Thepneumogastiic  nerve.  395. 
Pause  of  heart's  action.  131. 
Pavement  Epithelium,  64. 
Peduncle    (pes,  a  foot).  A 

stem — cerebellar.  277. 
Pelvis  {ireWis,  a  bowl).  The 

cavity  below  tlie  abdomen. 

The  membranous   cavity  of 

the  kidney.  196. 
Penis.  404. 

Pepsin  (TreTrrco,  I  digest).  The 
active  principle  of  gastric  j  uice. 
80. 
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Peptone.  A  substance  formed 
in  the  stomach  fi"om  the  albu- 
minoids. 80. 

Pericardium.  The  membrane 
enclosing  the  heai't.  126. 

Perilymph.  The  fluid  within 
the  bony  labyrinth  of  the  ear. 
386. 

Perineum  (irepiveco,  I  flow 
round).  The  space  between 
the  anus  and  organs  of  gene- 
ration. 403. 

Peristaltic (irept, about;  trreA.- 
\o,  I  send).  The  peculiar  roll- 
ing motion  of  the  intestines. 
90. 

Peritoneum  (reti/w,  I  stretch). 
The  serous  membrane  Uning 
the  abdominal  cavity. 

Perspiration  {per,  through ; 
spiro,  I  breathe).  The  exhal- 
ation of  fluid  from  the  skin. 
337. 

Petechia  {petechio,  a  flea-bite). 
Red  spots  of  efi"used  blood  in 
fever. 

Peter's  Glands.    The  agmi- 
nate intestinal  glands.  89. 
Pharynx  {(papvy^).    The  dila- 
ted tube  between  the  mouth 
and  oesophagus.  73. 
Phimosis  {(piixou,  I  constrict). 
A  condition  of  the  prepuce 
by  which  the  glans  cannot  be 
uncovered. 
Phlebolithes  (^Ae^/,  a  vein  ; 
\idos,  a  stone).    Tlie  con- 
cretions sometimes  found  in 
veins. 

IPhlyctena  {(pAvai,   I  bubble 
up).    A  large  elevation  of  the 
cuticle  filled  with  serum. 
Phosphates  of  lime  and  mag- 
nesia. 39. 
jPnosPHORus.  41. 


Phrenology  (^prjv,  the  mind ; 
Xoyos,  a  law).  The  supposed 
science  by  which  the  disposi- 
tion and  quaUties  of  the  mind 
are  made  known  by  the  exter- 
nal configm'ation  of  the  skull. 
285. 

Phthisis  {(pQica,  I  consume). 
Consumption,  or  tubercular 
disease  of  the  lung.  447. 

Phyma  I   grow).  A 

swelling  usually  ending  in 
gangrene. 

Phymatin.  86. 

Physiology  {<pv(xis,  nature  ; 
koyos,  a  discourse).  The  sci- 
ence which  treats  of  the  func- 
tions of  the  various  parts  of 
the  animal  economy.  11. 

Pi  A  Mater.  The  vasculai-  tissue 
surrounding  the  brain  and 
spinal  cord.  259. 

Pica  (the  magpie).  A  de- 
praved appetite  for  clay  and 
filth. 

Picromel  {iriKpos  bitter,  mel, 
honey).  A  principle  of  the 
bile. 

Pigments.  49. 

Pigmentum  Nigrum.  364. 

Pineal  {pinus,  a  pine).  A  small 
body  in  the  brain  lying  on  the 
corpora  quadrigemina.  244. 

Pituitary  body  {pituita,  mu- 
cus). A  small  body  lying  on 
the  upper  surface  of  the  body 
of  the  sphenoid  bone  in  the 
sella  turcica,  formerly  sup- 
posed to  secrete  the  mucus  of 
the  nostrils.  244. 

Placenta  {irXaKovs,  a  cake).  A 
flat  vascular  mass  by  which 
the  connexion  is  maintained 
between  the  foetus  and  mother. 
410. 
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Plasma.  The  fluid  part  of  the 
circulating  blood.  118. 

Plastic  food.  54. 

Plethora.  419. 

Pleurapophysis.  One  of  the 
processes  of  the  typical  verte- 
brae repi-esented  by  the  ribs. 
25. 

Pleura  (irXevpa,  the  side).  The 
serous  membrane  covering  the 
lungs. 

Pneumogastric  Nerve  (irvev- 
7]<av,  the  lungs  ;  yatrTTjp,  the 
stomach).  A  part  of  the  eighth 
pair  which  supplies  the  lung 
and  stomach.  395. 

Pneumonia.  Inflammation  of 
the  lungs. 

Podagra  (ttous,  the  food;  aypa, 
an  attack).    Gout.  211. 

Pons  Varolii.  Part  of  the 
encephalon  which  connects 
the  other  subdivisions  to- 
gether. 279. 

Portal  Vein,  blood  of  the.  239. 

PoRTio  Dura.  Facial  part  of 
the  seventh  nerve.  393. 

PoRTio  Mollis.  The  auditory 
part  of  the  seventh  nerve.  387. 

Posterior  Pyramids  of  the 
Medulla  Oblongata.  276. 

Potash.  41. 

Prksbyopia  {irpeff^vs,  old  ;  wxj/, 
the  eye).  Far  sight  from  flat- 
tening of  the  lens  and  cornea. 
376. 

Premaxillary  bone.  The 
small  bone  in  the  lower  ani- 
mals and  human  embryo,  be- 
tween the  two  superior  max- 
illaries.  20 

Prehension  {prehendo,  I  take). 
64. 

Primitive  DentalGroove.69. 
Principles,  proximate.  45. 


Prostate  (j)ro,  before;  sto,  I 

stand.  404. 
Prosencephalon.    One  of  the 

cranial  vertebra;.  25. 
Protein.  45. 

Prognathous  (irpo,  forward ; 
yvados,  the  jaw).  Having  a 
prominent  jaw.  18. 

Psoas  {^/oa,  the  loin).  The 
muscles  which  lie  at  the  sides 
of  the  lumbar  vertebrae. 

Ptyalin  (TTTvaAos,  saliva).  72. 

Pterygoid  Processes  (irTepoj/, 
a  wing).  Prominent  plates  of 
the  sphenoid  bone.  27. 

Pulmonary  Vessels.  153. 

Pulp  of  Tooth.  67. 

Pulse.  136. 

Pupil.  364. 

Purkinge's  Test.  377. 

Pus.  449. 

Pyemia  (ttuos,  pus;  di/xa,  blood). 
A  peculiar  degeneration  of  the 
blood,  taking  place  after  in- 
juries and  local  inflammations. 
427. 

Pylorus  (ttuAtj,  a  gate ;  ovpos, 
a  keeper).  The  opening  be- 
tween the  stomach  and  duode- 
num. 76. 

Pyramidal  Skulls.  32. 

PYRAMiDsof  Medulla  Oblongata. 
275. 

Pyin.  The  albuminoid  princi- 
ple of  pus.  48. 

Pyrexia  {irvp,  fire;  ex^j  ^ 
hold).  Inflammatory  fever. 
445. 

Quadrigeminal  Bodies.  279. 

Quadrumana  {qtiatuor,  four; 
menus,  a  hand).  An  order 
of  mammals  including  tlie 
monkey,  characterized  hy 
having  four  hands.  18. 
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Rachitis  {^axts,  the  spine).  A 
disease  in  which  there  is  a  de- 
ficiency of  phosphates  in  the 
bones,  rickets 

Ramollissement.  Softening. 
479. 

Ranine  (rawa,  afrog).  Belong- 
ing to  the  tongue. 

Raphe  (pacpLs,  a  needle).  A 
term  given  to  parts  which  look 
as  if  sewn  together. 

Reason.  285. 

Rectum  (rectus,  straight).  The 
last  part  of  the  large  intestine. 
91. 

Reflex  Action.  Theact  where- 
by an  impression  being  con- 
veyed by  a  sensitive  nerve  to 
the  nervous  centre,  the  im- 
pulse of  motion  is  conveyed 
to  certain  muscles  by  a  motor 
nerve  without  the  will  of  the 
individual.  267. 

Reflection.  The  turning  back 
of  a  ray  of  hght  from  a  polish- 
ed surface.  373. 

Refraction  (re,  against;  fran- 
go,  I  break).  The  changes  of 
direction  in  a  ray  of  liglit 
while  passing  through  media 
of  different  densities.  374. 

Remittent.  Applied  to  dis- 
eases which  have  periodical 
abatements. 

Renal  Arteries  (^e;/,  the  Icid- 
ney)  197. 

Repair.  437. 

Reproduction.  398. 

Reserved  Air.  Air  expelled 
by  a  forced  expiration.  158. 

Residual  Air.  The  air  which 
always  remains  in  the  lung, 
and  which  cannot  be  expelle(l 
by  any  effort.  158. 

Respiration  [xpiro,  I  brcafhc, 

36 


150 — influence  of  on  venous 
circulation,  148 — frequencv 
of,  157. 

Respiratory  Food.  52. 

Restiform  Bodies  (restis,  a 
rope).  Posterior  part  of  me- 
dulla oblongata.  276. 

Rete  Mirabile.  The  division 
of  an  artery  into  branches, 
which  again  re-unite.  142. 

Rete  Mucosum.  The  soft  un- 
derlayer  of  the  cuticle.  233. 

Retina  {rete,  a  net).  The  ner- 
vous coat  of  the  eye.  368. 

Rheumatism  (pev/u-a,  watery 
fluid).  A  painful  constitu- 
tional disease  attacking  the 
fibrous  tissues,  joints,  and 
muscles.  424. 

Rhinencephalon  (pii/,  the 
nose ;  ijKecpaXov,  the  head). 
One  of  the  cranial  vertebrae. 
25. 

Rhythm  {pud/xos,  proportion). 
The  regular  succession  of  the 
actions  of  the  heart.  133. 

Rigor  Mortis.  The  stift'ening 
of  the  body  after  death.  319. 

RiMA  Glottidis.  The  narrow- 
est part  of  the  larynx.  324. 

Roots  of  nerves.  271. 

Running.  322. 

RuYscH,  membrane  of.  The 
arterial  layer  of  the  choroid  of 
the  eye.  363. 

Saccharine  Food.  52. 

Saccular  stage  of  the  develop- 
ment of  tiie  teeth.  69. 

Sacculus.  Part  of  the  mem- 
branous labyrinth  in  the  ear. 

Sacrum  {mcer,  sacred).  The 
largest  piece  of  the  vertebral 
column  placed  at  the  back  of 
the  pelvis. 
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Saliva,  spittle.  The  fluid  which 
mixes  -with  food  during  mas- 
tication. 72. 

Salivary  Glands.  71. 

Salivin.  The  principle  of  sa- 
liva. 72. 

Salts,  in  the  body.  39. 

Sanguification.  108. 

Saponify  (sapo,  soap).  To 
convert  into  soap. 

Saponffiable  Fats.  43. 

Sarcina  Ventriculi.  486. 

Sarcolemma  ((Top^,  flesh) ;  Xe/x- 
fia,  a  sheath).  The  sheath  of 
muscular  fibre.  314. 

Sarcous  Element.  The  sub- 
stance of  which  muscular  fibre 
is  made  up.  314. 

ScALA  Tympani.  The  part  of 
the  cochlea  that  communicates 
with  the  tympanum.  386. 

ScALA  Vestibuli.  The  part  of 
the  cochleathat  communicates 
with  the  vestibule.  386. 

Scaphoid  {(TKa<pos,  a  boat ;  «- 
80s,  like).  ResembUng  a  boat. 

Schindylesis  ((rxt»'5i>A7jo-(s,  a 
cleft).  A  form  of  joint  where 
a  ridge  of  one  bone  is  received 
into  a  groove  in  another. 
305. 

Schneiderian  Membrane. 

The  mucous  membrane  of  the 

nose.  349. 
SciRRHUS.  473. 
Sclerotic  (a/cAiypos,  hard).  The 

fibrous  tunic  of  the  eye.  358. 
Scrofula  {sn-oja,  a  som')-  A 

tubercular  disease.  447. 
Scrotum  {scrotum,  a  leather 

bag).    The  bag  which  con- 
tains the  testis. 
Scurvy,  want  of  salts  in.  41. 
Sebachous    Glands  {sebum, 

tallow).  337. 


Secretion  {secemo,l  separate). 
The  sepai-ation  of  substances 
from  the  blood.  177. 

Semen.  402. 

Semicircular  Canals.  Parts 
of  the  internal  ear.  385. 

Sensation.  252. 

Senses.  331. 

Septum.    A  partition. 

Serolin.  a  fatty  matter  of  the 
blood.  45. 

Serosity.  The  water  and  salts 
of  the  blood).  118. 

Serous  Membranes.  303. 

Sesamoid  Bones  (crTjo-ayUo//,  a 
grain).  Osseous  nodules  de- 
veloped in  tendons. 

Seventh  pan-  of  nerves.  393. 

Sex.  399. 

Sight.  353. 

Silica.  38. 

Sinus  Urogenitalis.  The 
common  tube  in  the  foetus 
into  which  the  duct  of  the 
Wolflian  body  and  the  intes- 
tine open.  412. 

Sinuses,  Cranial.  The  cere- 
bral veins,  formed  by  sphtting 
of  the  dura  mater.  263. 

Sixth  Nerve.  358. 

Skeleton  {(TKeWw,  I  drj').  The 
dry  bones  of  an  animal,  306 — 
homology  of,  23. 

Sleep.  286. 

Sloth.  Cemcal  vertebrae  of. 
27. 

Smell.  349. 

Sneezing.  157. 

Soap.  A  combination  of  a  fatty 
acid  and  an  alkali. 

Soda.  Carbonate,  40 — phos- 
phate, 41. 

Sodium.    Chloride.  40. 

Solitary  Glands.  89. 

Somnambulism.  287. 
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Soprano  Voice.  A  variety  of 
female  voice  of  the  highest 
pitch.  328. 

Sounds  of  the  heart.  130. 

Spasm  (o-iraw,  I  draw).  An  ab- 
normal involuntary  muscular 
contraction.  483. 

Speakinu  Maching.  329. 

Species.  A  collection  of  indi- 
viduals supposed  to  be  de- 
scended from  a  common  pa- 
rent. 

Spectra.  378. 

Speech.  329. 

Spermatozoa  (o-Trep^a,  seed  ; 
Cc^ov,  on  animal).  Floating 
cells  in  animal  semen,  suppos- 
ed to  be  distinct  animals.  402. 

Sphenoid  {_ff(p'nv,  a  wedge). 
One  of  the  cranial  bones.  27. 

Spherical  Aberration.  376. 

Sphincter.  A  circular  muscle 
constricting  an  orifice  in  the 
body. 

Sphygmometer  ((r<pvyfj.os,  the 

pulse  ;   jxeTpov,  a  measure). 

An  instrument  for  measuring 

the  pulse. 
Spigot.    A  subdivision  of  the 

middle  lobe  of  the  cerebellum. 
Spinal  marrow,  204 — nerves, 

271. 

Spiral  Lamina.  The  plate  se- 
parating the  two  scalae  in  the 
cochlea.  386. 

Spirometer  {spiro,  I  breathe; 
fierpov,  a  measure).  An  in- 
strument to  measure  the  quan- 
tity of  air  exhaled  from  the 
lungs.  159. 

Spleen.  237. 

Stages  of  Digestion.  03. 

Standing.  321. 

Stapes.  A  stirrup.  One  of  the 
bones  of  the  ear.  384. 


Stapedius.   A  muscle  attached 

to  the  stapes.  383. 
Starch.  42. 

Staphyloraphe  ((rTa<pvKri,  the 
uvula;  poTTTw,  I  sew).  The 
operation  of  uniting  a  divided 
palate  by  suture. 

Stearin.  A  fatty  principle.  44. 

Stereoscope  (arepeos,  solid  ; 
(TKonew,  I  see).  An  instru- 
ment by  which  two  images  of 
an  object,  taken  from  different 
standpoints,  are  seen  as  if  one. 

Sthenic  {cBevos,  strength).  At- 
tended vrith  a  morbid  increase 
of  vital  action. 

Stillicidium  {stillo,  I  drop). 
A  dribbling  of  fluid. 

Stomach,  76 — coats  of,  76 — 
motions,  78 — glands,  77. 

Striata  Corpora.  Eminences 
in  the  lateral  cerebral  ventri- 
cles. 281. 

Striped  Muscular  Fibres. 
•  313. 

Stroma.  The  matrix  or  par- 
enchyma. 

Succus  Intestinalis.  The 
intestinal  fluid.  90. 

Sucrose.    Cane  sugar.  42. 

Sudoriferous  Glands  {sudor, 
sweat ;  fero,  I  bear).  Sweat 
glands.  337. 

Sugar,  42 — tests  for,  42. 

Sulphur.  41. 

Sulphocyanide  of  potassium, 

in  saliva.  72. 
Suprarenal    {supra,   above  ; 

ren,  the  kidney).    The  term 

ai)plied  to  a  body  lying  above 

the  kidney.  2  10. 
Swallowing.  73. 
Sweat.  337. 

Sympathetic  system  of  nerves. 
289. 
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Symmetrical  Skulls.  32. 

Symphysis  (trw,  together ;  (pva>, 
I  grow).  The  union  of  bones 
by  means  of  an  intervening 
elastic  cartilage.  305. 

Synarthrosis  (ap0pof,a joint). 
An  immovable  joint.  305. 

Synchondrosis  {xovSpos,  car- 
tilage). A  joint  formed  by 
the  union  of  two  bones  by 
cartilage.  305. 

Synchronous  (xpo^o^^  time). 
Occuning  at  the  same  time. 

Syndesmosis  (Sea/jLos,  Uga- 
ment).  Union  of  two  bones 
by  dry  ligaments.  305. 

Synovia.  The  fluid  existing  in 
joints.  304. 

Sy'novial  Membrane  (ovum, 
an  egg).  The  membrane  lin- 
ing joints.  304. 

Syntonin.  Fibrin  of  muscle. 
47. 

Syssarcosis  (o-apl,  flesh).  The 
union  of  two  bones  by  mus- 
cle. 305. 

Systole  {(rvcrreWoo,  I  contract). 
Applied  to  the  contraction  of 
the  heai-t.  127. 

T^nia  (raivia,  a  ribbon).  The 
tape  worm.  489. 

Tabes.  Wasting. 

Talipes.  Club-foot. 

Tannic  Acid.  An  acid  con- 
tained in  nutgalls. 

Tapetum  {tapetum,  a  carpet). 
The  colored  layer  of  the  cho- 
roid in  lower  animals.  364. 

Taktar.  The  secretion  which 
accumulates  around  the  teeth. 

Tarsal  Cartilage  {rapffos,  a 
flat  sm-face).  The  cartilage 
of  the  eyelid.  353. 

Taste.  342. 


Taurin.  One  of  the  ingredients 

in  bile.  188. 
Teeth,  G5 — development  of,  69. 
Temperature.   Animal.  168. 
Tenor.    The  highest  variety  of 

the  human  male  voice.  328. 
Tensor  Tympani.    A  muscle 

which  acts  on  the  membrana 

tympani.  383. 

TESSELATEDEPITHELlUM.Scaly 

or  pavement  epitheMum.  64. 

Testis  (a  witness ;  because  in- 
dicative of  virility).  401. 

Tetanus  {reivo),  I  stretch).  A 
disease  characterized  by  tonic 
spasm.  484. 

Thalami  Optici.  Two  promi- 
nent eminences  in  the  lateral 
ventricles  of  the  brain.  280. 

Thein.  The  active  principle  of 
tea.  54. 

Third  Nerve.  357. 

Thirst.  63. 

Thorax  (0wpa|,  the  chest). 
That  cavity  of  the  body  which 
contains  the  heart  and  lungs. 
154. 

Thoracic  Duct.  99. 
Thrombosis.  428. 
Thrombus.     A  swelUng  pro- 
produced  by  blood  efi'used 

from  a  vein. 
Thymus.  A  large  vascular  body 

existing  in  the  thorax  of  the 

foetus.  241. 
Thyroid  Cartilage  (Ovpeos,  a 

shield).   One  of  the  cartilages 

of  the  larj^nx.  323. 
Thyroid   Body.     A  vascular 

body  in  the  forepart  of  the 

neck.  242. 
Tidal  Air.  Theair  taken  indur- 

ing  ordinary  inspirations.  158. 
Timbre  or  distinction  of  tone  of 

the  voice.  327. 
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Tissues.  298. 

Tone  of  the  voice.  327. 

Tongue.  342. 

Tonicity.  Muscular;  the  an- 
tagonistic action  of  muscles, 
or  their  ordinary  condition, 
during  which  they  counter- 
balance each  other.  316. 

Tonsil.  A  mucous  gland  at 
each  side  of  the  fauces.  73. 

Tormina.  Griping  pain  in  the 
bowels. 

Torula  Cerevisi^e.  The  fun- 
gus of  yeast.  220. 

Touch.  331. 

Toxemia.  431. 

Trabeculje  {trabes,  a  beam). 
Projecting  fibrous  bands  in 
the  interior  of  an  organ. 

Trachea  (Tpaxvs,  rough).  The 
windpipe.  151. 

Tracts.  Mucous,  64 — ner- 
vous, 265. 

Transfusion.  The  introduc- 
tion of  the  blood  of  one  per- 
son into  another.  123. 

Traumatic  {rpav/xa,  a  wound). 
Belonging  to  a  wound. 

Trichina  Spiralis.  488. 

Trochanter  (rpoxaCo^),  I  run 
along).  The  name  of  the  two 
bony  prominences  on  the  up- 
per end  of  the  femur. 

Troglodytes.  A  genus  of  apes, 
to  which  gorilla  belongs.  20. 

Tubercle.  447. 

Tubuli.  Seminiferi,  401 — uri- 
niferi,  196. 

Tubes  of  Bellini,  196— of  Per- 
rein,  197. 

Tunica  Vaginahs  Oculi.  355. 

Turgescence  of  erectile  tissues. 
147. 

Tympanum  (rvfiiravov,  a  drum). 
The  middle  ear.  381. 


Ulcer  (eXKoy,  a  sore).  A  solu- 
tion of  continuity  of  the  soft 
parts  secreting  pus.  450. 

Ulceration.  450. 

Umbilical  Cord.  412. 

Umbilicus.  The  navel,  the 
cicatrix  left,  where  the  funis 
was  attached.  Il2. 

Unleavened  Bread.  58. 

Urachus.  The  tube  which 
connected  the  bladder  and 
allantois  in  foetal  life.  412. 

Urates.  210. 

Ureter.  The  duct  of  the  kid- 
ney. 203. 

Urea.  A  principle  of  the  urine, 
207— quantity,  208. 

Uremia.  427. 

Urethra.  204. 

Urine,  205 — composition,  206. 

Urina  Cibi,  205 — potus,  205 — 
sanguinis,  205. 

Urophoein.  The  coloring  mat- 
ter of  urine.  49. 

Vagina,  a  sheath.  The  passage 
from  the  vulva  to  the  uterus 
in  females. 

Vagus  {vago,  I  wander).  The 
pneumogastric  nerve,  so  called 
from  its  long  course.  395. 

Valvule  Conniventes.  The 
permanent  folds  of  mucous 
membrane  in  the  intestines. 
87. 

Vasa  Efferentia.  The  portal 
veins  of  the  kidney  flowing 
from  the  Malpighian  tufts. 
197. 

Vasa  Inferentia.  The  arte- 
ries running  into  the  Mal- 
pighian tuft.  197. 

Vascularity  of  tissues.  143. 

Vas  Deferens.  The  duct  of 
the  testis.  403. 
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Vegetable   (vegeo,   I  grow). 

Characteristics  of.  51. 
Veins.  148. 

Velocity  of  Blood.  136. 
Vena  PortjE  {porta,  a  gate). 
183. 

Venous  Blood.  118. 

Ventricles  Cerebral.  Ca^a- 
ties  in  the  hrain,  284 — cardiac 
cavities  in  the  heart,  126. 

VENTRlLOaUISM.  329. 

Vermicular  action.  90. 
Vertebra.    The  bones  of  the 

spinal  column,   24 — typical, 

24 — cranial,  25. 
Vertebrata.     Animals  with 

back  bones. 
Verumontanum.  An  eminence 

in  the  prostatic  portion  of  the 

urethra. 
Vesicular  Layer  of  Retina. 

368. 

Vestibule.  385. 

Vibrissa.     Hairs  within  the 

nostril.  349. 
Vidian  Nerve.    A  branch  of 

Meckel's  ganglion  of  the  5th 

pair,  described  by  FetZiws.  394. 
Villi.     Projections  from  the 

sm-face  of  mucous  membrane, 

having  the  appearance  of  the 

pile  of  velvet.  88. 
Vis  a  tergo.    Moving  force 

applied  from  behind.  149. 
Vis  a  fronte.    A  force  acting 

in  advance — in  lymphatics. 

100. 

Vis  insita.  The  power  sup- 
posed to  be  possessed  by  mus- 
cle of  contracting  by  its  own 
inherent  force.  316. 

Vis  nervea.  The  property  of 
nerves  to  convey  the  motor 
stimulus  to  muscles.  316. 

Vis  medicatrix  tsiatv&je.  The 


power  by  which  a  hving  body 

is  able  to  recover  from  disease 

or  injuiy.  434. 
Viscera.    The  organs  of  any  of 

the  great  cavities. 
Vision.  378. 

Vital  capacity.  The  amount 
of  air  which  the  lungs  are 
capable  of  holding.  159. 

Vitellus,  or  yolk  of  an  egg. 
405. 

Vitreous  humour.  One  of 
the  transparent  media  of  the 
eyeball.  368. 

Vitreous  table.  The  internal 
table  of  the  bones  of  the  skull. 

Vivisection.  The  art  of  di- 
secting  living  animals. 

Viviparous  {vivus,  alive;  pario, 
I  bring  forth).  Bringing 
forth  young  alive.  399. 

Vocal  cords.  324. 

Voice.  323. 

Voluntary  muscles.  Those 
that  are  obedient  to  the  sti- 
mulus of  the  will.  313. 

Vomiting.  83. 

Walking.  322. 
Water.  39 

Weights  of  bones  of  various 
parts.  310. 

White  Corpuscles, 112 — neu- 
rine.  249. 

Willis,  Circle  of.  A  remark- 
able arterial  inosculation  on 
the  base  of  the  brain.  261. 

Wounds.  438. 

Xanthous  (|aj/0oy,  yellow). 
Yellow,  applied  to  the  variety 
of  man  wth  yellow  or  hght 
hair,    32.  * 

Xanthin.  One  of  the  consti- 
tuents of  urine.  213. 
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Xiphoid  Cartilage  (|i^os,  a 
sword).  The  cartilage  at  the 
extremity  of  the  sternum. 

Yawning.  157. 

Yellow  Elastic  Tissue.  298. 

Yolk.    Part  of  the  ovum.  405. 

Zoology  (^coou,  an  animal  ; 
\oyos,  a  discom'se).  The  na- 
tural history  of  the  animal 
kingdom. 

Zoster  (^uffT-np.  a  girdle).  A 
vesicular  disease  encircling 


the  body  like  a  girdle :  the 
shingles. 

Zygoma  {^vyou,  I  yoke  toge- 
ther). A  bony  arch,  uniting 
the  malar  and  temporal  bones. 

Zygapophyses.  Articulating 
processes  on  the  typical  verte- 
bra, four  in  number.  25. 

Zymosis  {C^/j-ou,  I  leaven).  A 
term  applied  to  the  mode  of 
action  of  specific  poisons  in 
producing  disease,  by  a  pro- 
cess analogousto  fermentation. 
432. 


THE  END, 


MESSRS.  FANNIN  AND  CO.'S  PUBLICATIONS. 


LECTURES  ON  PUBLIC  HEALTH,  by  E.  D.  Mapothtjr, 
M.D.,  Professor  of  Hygiene,  R.C.S.I.,  Medical  Officer  of  | 
Health,  City  of  Dublin ;  Surgeon  to  St.  Vincent's  Hospital,  j 
2s.  Cd.;  or  bound  with  a  Manual  of  Physiology,  by  the  same  \ 
Author,  12s.  6d. 

A  TREATISE  ON  DISEASES  OF  THE  HEART,  by  O'Bryex 
Bellingham,  M.D.,  F.R.G.S.I.,  late  Surgeon  to  St.  Vincent's 
Hospital.    8vo,  cloth,  12s.  6d. 

A  TABULAR  VIEW  OF  THE  SIGNS  FURNISHED  BY 
AUSCULTATION  AND  PERCUSSION  IN  DISEASES  OF 
THE  LUNGS,  by  the  same  Author,  Second  Edition.  Plain, 
2s.    On  Rollers,  6s. 

ON  THE  THEORY  AND  PRACTICE  OF  MIDWIFERY,  by 
Fleetwood  Churchill,  M.D.,  F.K.  &  Q.C.P.,  Professor  of 
Midwifery  with  Diseases  of  Women  and  Children  in  the  King 
and  Queen's  College  of  Physicians ;  Honorary  Meinl)er  of  the 
Philadelphia  Medical  Society,  &c.  Fourih  Edition,  corrected 
and  enlarged;  illustrated  by  119  higiily  fuiislicd  avuoiI  en- 
gravings.   Foolscap  8vo,  cloth,  12s.  6d. 

THE  DISEASES  OF  CHILDREN,  by  the  same  Autlior,  Second 
Edition,  revised  and  enlarged.    Foolscap  8vo,  12s.  6d. 

ON  THE  DISEASES  OF  WOMEN,  INCLUDING  THOSE  OF 
PREGNANCY  AND  CHILDBED,  by  the  same  Author. 
Fifth  Edition,  corrected  and  enlarged.    Illustrated  by  57 
engravings  on  wood.    Foolscap  8 vo,  cloth,  1 2s.  6d. 
.  A  MANUAL  FOR  MIDWIVES  AND  NURSES,  by  the.  same  • 
Author.    Post  8vo,  cioth,  4s. 

THE  DUBLIN  DISSECTOR,  OR  SYSTEM  OF  PRACTICAL 
ANATOMY,  by  Robert  Harrison,  F.R.C  S.,  late  Professor  of 
Anatomv  in  the  University  of  Dublin.  Fifth  Edition.  2  vols, 
foolscap" 8vo.    Illustrated  with  160  wood  engravings,  12s.  6d. 

CLINICAL  LECTURES  ON  VENEREAL  DISEASES,  by  Rich- 
ard Carmichael,  F.R.C.S.,  late  Consulting  Surgeon  to  the 
Richmond,  llardwicke,  and  Whitworth  Hospitals,  &c.  8vo. 
with  colored  plates,  7s.  6d. 
CLINICAL  LECTURES  ON  THE  PRACTICE  OF  MEDICINE, 
by  Robert  James  Graves,  M.D.,  F.R.S.,  Professor  of  the 
Institutes  of  Medicine  in  tlie  School  of  Physic  in  Ireland. 
Edited  by  the  late  J.  Moore  Neligan,  M.D.  Complete  m 
one  volume,  8vo,  pp.  860.  Price  16s.  (Reprinted  from  the 
Second  Edition.) 

41  GRAFTON  STREET,  DUBLIN. 


MESSES.  PAlTfrm  AND  CO.'S  PUBLICATIONS. 


1 


ESSAYS,  ANATOMICAL,  ZOOLOGICAL,  AND  MISCELLANE- 
OUS,  by  Arthur  Jacob,  M.D.,  F.R.C.S.,  Professor  of  Ana- 
tomy and  Physiology  in  the  Royal  College  of  Surgeons  in  . 
Ireland ;  Surgeon  to  the  City  of  Dublin  Hospital.   8vo,  cloth  ; 
with  4  plates,  5s. 

A  TREATISE  ON  THE  INFLAMMATIONS  OF  THE  EYE- 
BALL, by  the  same  Author.    Foolscap  8vo,  cloth,  5s. 

A  TREATISE  ON  CATARACT,  including  the  structure  of  the 
Crystalline  Lens,  the  Nature  of  its  Opacities,  and  the  Opera- 
tion for  its  removal  by  Absorption,  with  the  Fine  Needle 
through  the  Coruea,  by  the  same  Author.    8vo,  cloth.  2s.  6d. 

THE  PRACTICAL  AND  DESCRIPTIVE  ANATOMY  OF  THE 
HUMAN  BODY,  by  Thomas  H.  Ledwich,  F.R.C.S.,  late  ! 
Surgeon  to  the  Meath  Hospital,  and  Lecturer  on  Anatomy  | 
and  Physiology  in  the  Ledwich  School  of  Medicine;  and 
Edward  Ledwich,  F.R.C.S.,  Surgeon  to  Mercer's  Hospital,  , 
and  Lecturer  on  Anatomy  and  Pliysiology  in  the  Ledwich 
School  of  Medicine.    Post  8vo,  cloth,  12s.  6d.  j 

CLINICAL  MEMOIRS  ON  DISEASES   OF    WOMEN,   by  ; 
xVlfred  H.  M'Clintock,  M.D.,  F.R.C.S.,  late  Master  of  the 
Dul)lin  Lying-in  Hospital;  Houorary  Fellow  of  the  Obstetri- 
cal Society  of  London  ;  Hon.  President  of  the  Dublin  Obste- 
trical Society,  &c.    8vo,.pp.  449,  price  14s.    Illustrated  with  i 
35  w^ood  engravings  from  orighial  di-awings. 

MEDICINES  :  THEIR  USES  AND  MODE  OF  ADMINISTRA- 
TION, incliicUng  a  complete  Conspectus  of  the  British  Pliar- 
macopojia,  an  Account  of  New  Remedies,  and  an  Appendix 
Formul*.    By  J.  Moore  Ne'ligan,  M.D.,  F.K.  &  Q.C.i' 
Honorary  Doctor  ^  of  Medicine,  Trinity  College,  Dubliii ; 
Honorary  Fellow  of  the  College  of  Pliysicians  of  Sweden,  &c.  ; 
Sixth  edition.    Edited  by  Dr.  Rawdon  M'Namara,  Professor  j 
of  Materia  Medica  to  the  Royal  College  of  Surgeons  in  Ire«  i 
land.    8vo.  clotii. 

ANATOMY  OF  THE  ARTERIES  OF  THE  HUMAN  BOT»  i, 
DESCRIPTIVE  AND  SURGICAL,  WITH  THE  DESCRIP-  ; 
riVE  ANATOMY  OF  THE  HEART,  by  John  Hatch  j 
Power,  M  D.,  F.R.C.S.,  Professor  of  Surgery  in  tlie  Royal  ' 
College  of  Sm-geons,  Surgeon  to  the  City  of  Dublin  Hospital.  ' 
New  Edition.    Witli  Illustrations  from  Drawings  made  ex- 
pressly for  this  work  by  B.  W.  Richardson,  F.R.C.S.  Sur- 
geon  to  the  Adelaide  Hospital,  &c.    Foolscap  8vo,  cloth. 
Plain,  10s.  Gd.    Colored,  128. 


41  GRATTON  STREET,  DUBLIN. 


